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PHYSICS (EM) NOTES FOR 9" CLASS (PUNJAB) 


sia reatdd, b KRAUS Mell Be 


describe the crucial role of Physics in Science. y 
Technology and Society. 

explain with examples that Science is based on physteal 
quantities which consist of numertcul magnitude and a 
unit. 

differentiate between base and derived physical quantities. 


- — list the seven units of System International (Stralong with | 
their symbols and physical quantities (standard definitions | 
of SL units are not required), | 

#  jnterconvert the prefixes and their symbols to indicate 
multiple and sub- multiple for both base und derived units 
write the answer in scientific nOtation in measurements and caleul; tions. 


describe the working of Vemier Callipers and screw | Roan ontited f iniene! | 

gauge for measuring length. ‘This unit is built on: 

identify and expliin the limitations of measuring Measurement —Science-VIll 

instruments such as metre rule, Vernier Callipers Scientific Notation —Maths-IX | 

and screw gauge. This unit leads to; | 
+ describe the need using significant figures for Measurement ; Heplcot | 

recording and stating results in the |: tboratory, iat eh 
INVESTIGATION SKILis bias 


1.1 Introduction to Physics 
- compare the least count accuracy of the " Physical quantities 


following measuring instruments and state|;.3 — Iaterational system of units 


their meusuring range: j!.4 Prefixes (multiples and sub-multiples) 
ii) Meusuring tape H) Metre nile ee Scientific notation! Standard form 
: nin 6 i 
(8) Vernier Calipers [1-6 Measuring instruments 
é ® metre rule vernier callipers 
iis) Micrometer screw gauge © seew gauge physical balance 
ry make a paner scale of given least count. e-g. 4 stop watch measuring cylinder 
G.2em and 0, Sem. 1.7 An introduction to significant figu 


_ | 


solid eylinder with vernier callipers and screw gauge and “evaluate which 


, determine the area of cross section of ra 


meusurement is Mure precise. 
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* — determine an interval of Unie using stopwatch 
determine the mass of an object by using different types of balances and identisy ihe 
most accurate balance, 

- determine volume of an irregular shaped object Using a measuring cylinder, 

- Last salety equipments anc rules 
Use uppropriate safety equpmients in the laboratory, 

SHIENCE, TECBEO GY 2D SOCIETY CONRECTION 
determine length. mass. time and volume in daily life activities using various 
measuring instruments. 

* — list with brief deseription the various branches of physics, 

Gl. How physical q#tantities and ec casvrement oo cao feted wis) set 
technoloxy and sacicty: 

ARS: Man has always been taspired by the wonders at! eon ssting shoermation 

nature, He has always been curious to Know lie scenes at} When you can measure what 


nature and remained in search of the truth and reality, He You ore speaking about and express it 
lin numbers, you know something 
é |about it. When you cannot measure’ 
by logical reasoning. The knowledge geined Through | what you are speaking about or you 
ohser\ ations and experimentations is called Science, The connot express it in numbers, your 
knowledge is of o meagre and of 


; #,% unsatisfactory kind. ! 
which means knowledge Not gatif eightecnth century. 7 baits age a| 


observes Various phenomena and tries to fincdaheir answers 


word science is derived from the Latin word scientia, 


Various aspect of material objegts were studied under a single subject ‘culled natural 


oh eseshs. Bul as the kKnowleles incroused. it wis | PR UR INFORMS 
divided inte two main steanis: Phi sical sciences | Which | 
deal with the studyceP non-living things aad Biological 
sciences — which ate concerned with the studs of tiving 
things. 

Measurements are not confined to science. They are | 
part of our fives. They play an important role te describe 
and understand the physical work. Over the centuries, | 
man has improved the methods of measurements. : 


2 is one Of tie Gait’ 2 
selee of known aniver 


, - } sane Snaee PE #4 > < . ° “1 ~*, ~ stan, 7 , 
(**. ter) Fog the ehovredls, Cumiiery. feet Gey enay oe ciph  RYSICME 8B LSS 
were Mivigcd— 
ie) define Plyet. pile fepaornince : ry f 


‘Ane. (#) In the nmeteenth ceatury. physical sciences were divided into five distinct 
disciples, 
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1. Physics 2. Chemistry 3, Astronomy 4. Geology = Meteorology 

(b) Physics: Physics is the most fundamental discipline in physical setences. In Physies 
matter. energy und their interaction are studied. The laws and principles of physics help 
us to understand nature. 
importance of physics in daily life: Most of the 
technologies of our moder socicty throughout the world are 
rehited to Physi¢s. 


05 YEU KROW? 


In our daily life. we hardly find a device where phy sics ; i 
is not involved | 
t.. Acar is made on the principles of mechanics. 
2. <A refrigerator is hased on the principles of 

thermodynamics | 
3. A pulley makes casy to lift heavy louds Wind tnblee: cre ure #4 prndece 


pollurioss fee atecteiety, 


i 
ee 


4. Electnvity is used not only to get light and heat but 
also mechanical energy that drives fans and eleettic motor ete, 
5. Consider the means of [ransportation such as car and 


aeroplanes are the applications of physics, 


6 Domestic appliances such as air-conditioners, 

refrigerators. vacuum-cleaners. Washing machines. and = 
microwave ovens etc. are the tippheutions of physics 
Means of communication such as radio, TV. telephone | agen days Vee eematih CAARS | 


> 


and vomputer are the results of applications of physics. 

8. Mobile phone allows us to contact people anywhere 1m the - 
world and to get latest worldwide information. [tis used to save | 

bs ! 


pictures, som wnd receive messages. It can also receive radio 


lrunsmusston.and can use has a calculator as well. = i 


re ere He upone 


Advantages of scientific discoveries: Above all devices have made our lives much 
easier: Laster and more comfortable than the past. 
Disadvantages of scientific discoveries: 

The scientific discoveries have also caused haris and destruction oF serious nature. 


One of which is environmental pollution wid other ts deadly weapens. 


Quick Quiz. 

I. = Why de we study pliysics? 

Ans: We study physics because Physics is the branch of science which deals with the matter, energy and thet | 
interaction. Most of the technologies of our modern society throughout the world are related to physics. In | 
our daily life, we hardly find a device where physics is not involved, 

These oll discoveries made ourlives much caster, faster and more comfortable. 

2. Name any five branches of Physics. 
Ans: 1. Mechanics 2. Thermodynamics 3. Electromagnetism 
Atomic Physics 5. Plasma Physics } 
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3, Whalare the important branches of physics. Define ihien 


— Important branches of physics can be defined as following, 


BRANCHES OF PHYSICS: 


Mechanics: 
This branch of physics is the study of motion of objcets, its causes and effec, ra 


Heal: This branch of physics deals with the nature of heat, modes of transfer and ic 
£ cetn 


of heat. 
Sound: It deals with the physical aspects of sound waves, their production propertic nd 
. Sa 


applications. 
Light (Optics): It is the study of physical aspects of light, its wage "working ‘ia 
use of optical instruments. 

Electricity and Magnetism: i: is the study of the charges al rest and in motion, their 
effects and their relationship with magnetism. 

Alomic Physics: it is the study of the structure and proper es of atoms, 

Nuclear physics: i deals with the properties and behaviour of nuclei and the particles 
within the nuclei. ~," 

Plasma Physics: It is the study of productior on, properties of the ionic state of matter-the 
fourth state of matter, iene teh ies 

Geophysics: Iris 


O4. (a) Define ic ntities. Give example an atio. 
(b) Into any types physical quantities are divided, Define and exp!0' 


Ans: (a) F sii : ttities ar Jed physical quantities. 


sical quantities 


ic) | 
cal magnitude an 
, 


its numencal 
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pot tee 


(b) Divisions of physical quantities: 
Physical quantities are divided inte two divisians. o 
1, Base quantities, 2. Derived quantities. | ; 


i!) ase quantities: 
Base quantities are the quaumibes on the basis of 


which other quantities are expressed. 


There are seven physical quantities which form | 


| 
the foundation for other physical quantities. These Volumeis a derived quantity 
; i IL = 100m 
physical quantities are called the base quantities, | L > = de 
Ser ik = (10cm 
ae a 
aa kK VL = 1000 em? 
Base quantities are length. mass. time. eleetrig Im = Tem’ 
Hhapitios | a? b2 libisd.nk i 
current, temperature. intensity of light. and the anwunt Solution: 
100 cm =Im | 
of substanee. 100 x 100 = 100 em? = Tm? 
Herivedt quantities, ¥ 1a = Te 
! 
Those physicul quantities which gre epfessed in 1000 cm? = 1000 rv 
terms of base quantities are called the derived! Tk = 1000 cm? 
i ] ' 
WTULies, Ab ai - | 
ag | 1000 
EXapies: Area. volume, speed toree, work. energy! 1000L = 1m 


power, electric charge. elec hie potential ete. 


3, ta} Wheat, wait? Why Geere is @ nocd af anit? 

(i) Pe xypleee the intervaifendé systente of uniis aed fs Gageriat 
Ane: (9) URL A standard quantity which is used to measure an sores sical quantity 
is called unit. 
Nec af Unit: Measuring is not simple counting. For example q 
if we need miik or sugar. We must abso understand how much | 
quantity of milk or sugar we are Liking about. Thus. there is 9 | 
need of sone standard quantities lov micasurinig oF comparing | 
unknown quantity 
(fi ces treaty _eUSata wel ested 

The eleventh General Conterence on Weight and 
Measures held in paris in 1960 adopted a workl-wide system : 
of measurements called Intermatisua: Sistem of 1 alts. i 

The International System of Units is commonly referres | 
as SI. | fyurc *¢ Meusuring beiishy) 
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Wath the developments in the freld of science 
und technology. the need fer a commonly acceptable system of units wis seriously folt all 
over the world particularly to exchange scientific and technical m/ormation. 
: 7s . uiig. {Pine $f, 
The units thal describe base quantitres are called base units. 
Bach base quantity has iy ST units, 


s*, . ft rial 


ees pS ae ti". r 


Given tible shows seven t hase quantitics. then SI Units id Laer symbols. 


yuine 


Lene j ; __ Metre 
Mass n kilogrss ve! ne iz 
-- . veg enki er A mrwee ee oo 
Tint Seon 5 ' 
, : a 
Elecine current ! ampere \ 
y A = ee 

Intensity of light i fo catenedy: ; hf 

Temperature r | Whin kK 
! - ri — ety ee oe oe seee 
Amount of substance it mnie i me} { 


The units used lo meustis ierived quantities are calle nl dertyed units 


Derived units are defined im tenis of base unis and are obtined by multiplying or 
dividing one or morc base ans with each ether, 
The wait of area is neteP aad the unite! valume ts Gnetre 
Both are based on the wait al lengih. which is sacire 
So unit of engdyig aie base unit while the anit of area wad Vorome are the dexved units. 
Speed is delined ay distanes cevered an unit time, Therefore its unit is 
meire per second. 


-stett . = sarboil 

Speed v mete per nt scone) nys-! 
. Acceleration, ‘ , Weir per sccm Ine second __m™s 2 ~ 
a, olume V cube metry . 
Force I ine wien a N ike mas 3f mis 
| Pressure P| pascal fac dN m2) 
~ Density p — Kilogruante percuine meme | kg ms 
; Charge Q , coutomb Corts 
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!. How can vou differentiate ).cween base aad der’ cd gee ces? 


Ans: = oe 


1 Base quantities are the quantifies on oie basis of/1. The qeuntites ta tre cael eon of bare 


which other quontities are expressed. quantities cre colled derived quantities. 
2. Length, temperature, intensity of lightet. |. Area, volume, speed, force, work, energy, power etc. | 
2, kedentify the Ailawing as bee or derived o>. vs 


locuth, lemperatire and valicvre 


i 


| ‘Density, forceyspeed, volume, | 
q. te sacenehbee od “it itt, 
ti) ‘Seal Area +i) Force ~  Distanee 
Ans: © Distance can be considered as base quantity, Because distonce is equal to length and its unit is metre. 
® Speed, crea ond force or ore d derived quantities 


a) 


(27. ident ere pe foo? Eee 8 pooA wher ytth suttabie | eee 


Ans: Preraes: @ 
Prefixes are the words ortetters added helere a unit and stand | 

for the multiples or sub-multiples of that unit, hor example. kilo. ais 

mega, mull, micro, etc. bal 


Por example, 250,000m, 0.002 W und 000000 7 ¢ ere, 

SI units have the advantage that their multiples and , 
sub-multiples can be expressed in terms of prefixes. Dus 

These are useful to express very large or smal) ywue. 
Table ii. :eiixes: 

Pretixes and thetr symbol and multiplier are given in the 


Need o> “refixes 
Some of the gttantitics are either very large or very smal i , 


table. 
< a ns 4 
ti as pe Pcie tesa: : io 

Zz ext lol deci dl lar 
peta io | ceni | ¢ to? | 

ine oe - . ccarceme amg 
| tera bale i milli m 1 j 
= an 
Sn lor | omer PG 
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ve 


SRSSCSESCESCCLSSCESSCSESSASSLRSCLASASSSS ARCA SEAESSSSSSSSASSSSeSS 
ee ace rein Sather Ad "3 
——2 — 2 me 


“et i nile te A of bi at sr . 
ah fi bot + ae. hee? ae 1 eae 
eee. "tte ane’ “2 i Hiitee 
mew ‘ ; ‘ ; a 
ki g M 1 | nane n ; we | 
' kilo “Be ~ 2 
ped k 1 Wt pica ?p io | 
' h 1Q)- fenito f | 7 10 4s 
deca da 10! : 
: atto u o's 
: = a a ee ree ibe, Se 
i km loin 
lem ; H 1) in 
! mm I 103m) 7 
— a > ees 
| Unni ; 10 “ny 1 
ieee be ies ’ : = fine ye Boo: dan my : - fe =z. 
ts Th itr 4 " ee : a 


: 20, 000, 
Thus, 20,0008 = = 
| 100 ke = 20kz 
or 20,0002 = A) x 193 # = 20 bn 
page - 
=> 200. 000 me-! 
= UM) & LO? me! “ [Fe < tkm 
200.000ms | = 200kms 
4800000 W 
= 4800 ® 1000 Ww 10 w= kW 


4800 * 105 Ww 
4800000 W = 4800 kw 
4800000 W 
= 48x10; Ww 
= 48x 100 w 
4800000 W = 48 MW) 
(ig? eed mes arare la fe 
3300), O00. O00 Hy 


3300 * (000000 
3300 * (06H, 
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3300000000 Hz = = 3300 MHz. ve L0°Hz =1MHz 


1t 3300, 000, O00 Hz 

3300 x 1000000 

3300 x 106 

3.3.x 108 x 106 een 

3.3 « 109 Hz vv 10’Hz =1GIIz. 
3300000000Hz = 3.3 G Hz) 


foil 


eeciktecins lt Conversion of grant inta neere grime 
0.00002 g —— 
= 0.02* 102 ve 10" g= Ing 
= Wx 10%, 


0.000022 = 20.2, 


PREP AM ¢ uversion ef metre into noad met. 
= 0,000 000 00 81 m 
= 0.0081 x 10m a 
= BIX10%x 103m 10 m= Inm! 
= 8.1% 10-%m 6} | 


0.000000008 Im = 8.1 am) 


ee ee 


we were awe + a — —— 


i ete os sis to remember evout pretixes: 
Double prefixes are not used in calculations. 
For example, no prefix is used with kilogramme since it already contains the prefix 
kilo. 
Prefixes are used with both types base and derived units. 


1 Rm °- Scientific Notation: et 


i, Vitied w setentifie notation? Explain yous amon Se vie ¢ creen 
Ans Mo ‘station; A way to express a given number as a a umber biteiet 1 and 
LO multiplied by 10 having an eppropriate power. is called scientific notation. 
bE. yh acailaiz: A simple but scientific way to write large or small numbers is to express 
them in some power of ten. The moon is 384000000 metres away from the Earth. 
Distance of the Moon from the Earth can also be expressed as 3.84 x108m. 
This form of expressing a number is called the standard form or scientific notation. 
Advantage of scientific notation: 
Scientific notation saves writing down or imterpreting Jarge numbers of zeros. 


A uae A number 62750 can be expressed into its scientific forni as. 


62750 
= 6.275 x 104 
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OAWOALS fyy 
$5 *% i 2 s. 


(> Me Ae Petes foi eer at 


Kile (h) ~ 10? centi fc} 10-7 milli (m) = 19-3 
mica (yj — 104 mega (M) = 10° 
ay an ordinary whole number. In seleniifie Within 
The distance of Sun from the Earth = 150 million km 
= 150+ 10¢km 
= 150 « 10%km 
= 150+ 10%» 10m lie = 10m 
= 150>109m 
= 150000990906 m 
= 150™ 105% 193 
= 150 = 10% 
= 15* 10 10° 
= 150000000000 m 
= 15« Igl¢ 
= 15% 10« 1910 
= 15x19! 
= 15«10)p ! pellion = 10 
= WS «10% 106% 103) km = 10m 
150 million km 
SOQNHOOOUE mgt 6400000 m 
OMNI INTE AMQ00S48 § 
2) = 3» 1000000000 ms-! _ 8, 0000000016 
= 310? ms-! 1008) ooonoed = 
= 16x 10-10g 
: = Lb* 1x 1t-g 
— = 16*10-% 
= 6410410 ; 
 seuetle = O.WOD0S48 
LOONHDO 
= 548x107 
= $48 10? x 10-7 
= $48% 105s 
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dp whal purpose measuring fRsipemer ee AV, 
voperences between old and modern js struments. 
402) Measuring instruments are used [0 medsure Various -G8 YOOH eri aii 
physical quantities such us length, mass. tine. volume 


ele. 
Ma ssurng instruments: Measuring instruments used | 
in the past were not so reliuble and avcurate as we USE | 
today, 
Pages. Sundial. water clock and other Gore measuring | 


| 
devices used around [300 AD were quite crude. | re | 
Muderh sueasuring instruments: | mi a oe aes ail 
Modern measuring mstrunents are highly reliable \ spain ots Da 
and accurate. = Ant stor 
Pyare <> Digital clocks. watches. calculators. eleeti¢c balance ete. 
ie a shert notes on following meusering Popués erage ayy 
The metre rule. 2. The measuring tape. 
Aes ae . § Yule: A metre rule is dJength measuring instrument. In the figure given 


belo wsimple metre rule is shown, 


Fimure 1.3: A metre rule 


er ree ee eee - re ow a ~ - 


Use c ititie rule: 
Metre rule is conunontly used in the laboratories to measure length of an object or 
distance between bwe pouts, 
Const: inn of metre rule: 
A metre ruléis one metre long which js equal to |/O0 cenumetres, Each centimeter 
(cm) is divided into 10 small divisions called millimeter (mm) 


Least © csi of metre rule: One millimeter is the smallest] 4s 


reading that can be taken using a metre rule and 1s called / 
its Jeast count, etn” 


Prepesiiinary measures: While measuring length. of 
distance. eye must be kept vertically above the reading} 


point as shown in the below figure (b). 
The reading becomes doubtful if the eve is positioned, , eee 
cither left or night to the reading poimt as shown in the] pieare day Woon position af the | 
figure (a). eve te note the reading. 
(2) Measuring tape: Measuring tape ts an instrument]! swreet position of the ee taste] 
which is used to measure length in metres and centimeters. | | the anne IE | 
The given figure shows a measuring tape used by blacksmith and carpenters. 
ase 
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A measuring tape consists of thin and forge strip ot 


colton, metal or phistic generally [Om 20m, 530m or 100m 


long, 
Measuring tupes are marked tn Contimeters is well as { 
in inches. i iere LS A meas rian Gaze) | 


—— a 7. 8 = Se ee ho Sree 3 er ee 


Cut a strip of paper sheet. Fold i} along ts fength. Now mark centimeters and half centimeter along its er 
ee a ruler. Answer the following questions. 
What is the range of your paper scale? 
What is its least count? 
Measure the length of o pencil using your paper scale and with a metre ruler. Which one is more accurate andi 
why? 
The ronge of my payer scale is 25cm, 
The lenst count of my paper stale Is holl centimeter. 
The measurement of pencil measured by the metre ruler is 4.2em. 
The measurement of pencil measured hy the ruler is more accurate hecause it even can measure the length in. 
millimeters. 


hye! ase $f Fe oA? Wei 
{; t 
Vermer callipers is ap instrament which is asec to measure small lengths such as 
imernal or external diameter Orfeeth of a cylinder, 
Accuracy greater than dia qawhe obtained by using vermer callipers. 


Vermier cailipers consists of two jaws as shown in given figure, 


a Venuer Seak Vian Seale ! 


Outer paws 


—— 


One js 2 ae jaw with main scale atiacher! to it, Main seale has centimeter and 

millimeter miurks on it. 

The other jaw is a moveable jaw, I: has versier scale having [) divisions over it 
such that each of its division O49 nam, 
' sagt opi af cereins ett pers: 

The difference freive een one small division on main scale division and one vernier 
scale division is 6.1 mm, It is called least count 11..C! of the verner callipers. 


ee ee ae me 
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Formula of least count: 
Least count of the vernier callipers can also be found by given relation. 
Least count of vernicr callipers — Smallest reading on main scale 
Number of divisions on yernier scale 
Imm 

10divisions 

Hence L.C.=0.1 mm = 0.01 cm. 

So least count of vernier callipers is 0.01cm. 
Working of a vernier callipers: First of all find the error in the measuring instrument. It 
is called the zero error of the instrument. 
Zero correction: Knowing the zero error, necessary correction can be made to find the 
correct measurement. Such a correction is called zero correction of the instrument. 

Zero correction is the negative of zero error. 
Zero error and zero correction of vernier callipers: 

To find the zero error, gently close the jaws o 
vernier callipers. 
Absence of zero error: 

If the zero line of the vernier-scale coincides with 
the zero of the main scale then the zero error is zero as 
shown in the given figure (a). 


Presence of zero error: 

Zero crror will exist if zero line of the vernicr 
scale is not coinciding with the zero of main scale. 

Zero error are Of two types. 

(1) Positive zeroerror, (2) Negative zero error. 
Positive zero etror: Zero error will be posit’ ¢ if zero 
line of vernier scale is on the right side of the zero o 
the main scale. As shown in the figure (b). 

Negative zero error: 

Zero error will be negative if zero line of vernier 
scale is on the left side of zero of the main scale. As 
shown in given figure (c). 

Method to take reading on vernier callipers: 

Let us find the diameter of a solid cylinder using 
vernier callipers. 

A reading can be taken by vernicr callipers by 
using following steps. 


L.C of vernier callipers = = 0.1 mm 


There is no zero error as zero ling 
of vernicr scale is coinciding with 
the zcro of main scale, 


MOVEABLE JAWS 


Zero exror is (0+0.07}orm as 7th 
‘ine of vernier scale is coinciding 


Zero error in (-0.140.08)}om as 
Bih line of vermier scale is 


coinciding with main scale, 


2 
Zero error ie negative as tere line’ 
of vemuer state is On left side o 
vero of spain scale 
1- 
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!. Place the solid cylinder between jaws of the vernier callipers as shown in figure. 


Figure 1S. A cylinder placed between the 
outer jaws oF Verner Callipery 


2. Close the jaws till they gently press the opposite sides of the object. 
3. Note the complete divisions of main scale past the vernier zero in 4 tabular form, 
4. Find the vernier seale division that is coinciding with any divisionon the main 
stale, 
5. Multiply this value by least count of vernier callipers and add it'in the main scale 
reading. This is equal to the diameter of the solid cylinder. 
6. = Add zero correction (Z.C) te get correct measurement. 
Repeat the above procedure and record at least three observations with the solid 
eylinder displaced or rotated each time. 
Digital Vernier Callipers Quick Quiz 
. What ix the least count of the vernie 
callipers? 
: The least count of the vernier callipers is 0.1 mm or 
0.01 cm. 
What is the range of the vernier callip 
used in your physics laboratory? 
: Range of the vernier callipers used im our physics 
laboratory is 12cm. 
How many divisions are there on it 
vernier scale? 
he Vernier scale has 10 divisions over it such that each 
of its division is 0.9 mm. 
Digital ave Callipers has greater snp tose 4. Why do we use vero correction? 
mechanical Vernter Callipers. Least count of digital lan. 7er0 correction is used 10 get correct and ex 
Vernier Callipers is 0.0) mm. menmieamnet. 


ue find the diameter of a cylinder placed between the outer jaws of 
Vernier Callipers as shown in fiugre. 
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Solution: Zero correction: 
On closing the jaws of Vernier Callipers. the position of vernier scale is on the right 
side of the zero of the main seule. 


Main scale reading 0.0m 

Vernier division cvinciding with main scule = 7 div. 

Vernier scule reading = 7x0.0l em 
= 0.07 em 

/ero viror = §.0em> 0.07 cm 
= +007 em 

Zero correction (7.0) = —O.07 em 

Diameter of the cylinder: 
Main seule reading 2.2em 


(when the given cylinder is kept between the jaws of the Vernier Callipers as shown 
in figure of this question). 


Vernier diy. coinciding wilh main seale div. = 6 div. 
Vernier seale reading = 6*00lhcm 
O0.06cm 
Observed diameter of the cylinder ~ 2.2m + 0.06em 
= ~2.26cem 
Correct diameter of the cylinder = 2.26¢em—0.07em 
~ 2.19em 
hus. the correct diameter of the vive cylinder as found by Vernier Callipers is 
2.19 em. 
Q/12.What is screw gauge? For what purpose it is used? Write a detail note. 
Ans: Screw gauge: 


A serew gauge is an instrument that is used to measure small lengths with accuracy 
greater than a vernier calipers. It is also called as Micrometer screw gauge. 
Construction of screw gauge: 

A simple screw gauge consists of a U-shaped metal frame with a metal stud at its 
one end as shown in the figure. 
Stud Spindie Lock Mainscale Circular scale Ratehet 


a. 


Hollow Thimble 
cylinder 


Indes or sleeve 
{33 
- ~~ Metal frame 
Figure 1.9: A micrometer screw gauge 


Nut: 


A hollow cylinder (or sleeve) has a millimeter scale over it along a line called index 
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line parallel to its axis. The hollow cylinder acts as a nut. Tidbits 
Location of nut: Lee 


Nut is fixed at the end of U-shaped frame opposite 
to the stud. 
A thimble has a threaded spindle inside it. 


Pitch of the screw: As the thimble completes one 
rotation, the spindle moves Imm along the index line. It 


t 


MID JIY) PUY SIL2O JO SIZES Dane[Iy 


is because the distance between consecutive threads on 
the spindle is Imm. This distance is called the pitch of 
screw on the spindle, the thimble has 100 divisions 
around its one end. It is the circular scale of the screw 
gauge. As thimble completes one rotation, |00 divisions 


pass the index line and the thimble moves |mm along 
the main scale. Thus each division of circular scale 
crossing the index line moves the thimble through 


Yn mm or 0.01 mm on the main scale. 
Least count of Screw gauge: Least count of screw{ USEFUL INFORMATION: 


gauge can be found as given below. Least coun! of ruler is 1 mm. It is 0.1 mm 
Pitch for vernier callipers and 0.01 mm for 

. = micrometer screw gauge. Thus 

Least count ~ Number of divisions on circular scale meosuroments taken by micrometer 


Least count = = 6.0|mm 


ss 
100 
Least count— 0.0}mm =0.00Icm. 

Least count of the screw gauge is 0.01 mm or 0.001 cm. 
Working of a screw gauge: The first step is to find the] (-,, sero of circular seale is exactly 
vero error of the screw gauge. on the index line hence there is no 

Zero error: To find the zero error, close the gap) K&S °°" 

between the spindle and the stud of the screw gauge by 
_ Totating the ratchet in the clockwise direction. 
Absence of zero error: !f zero of circular scale 
coincides with the index line, then the zero error will be 
zero as shown in the given figure (a), 
Presence of zero error: If zero of circular scale not 
coincides with the index line, then the zero error will be 
present in the instrument. 


4 
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Types of zero error: 
There are two types of zero error. 
(1) Positive zero error. (2) Negative zero error. 
(1) Positive zero error: 

Zero error will be positive if zero of circular scale is 
bchind the index line, 

Correction of positive zero error: 

In the case of positive zero error, multiply the 
number of divisions of the circular scale that has not 
crossed the index line with the least count of screw gauge 
to find zero error as shown in the figure (b). 


Zero emo 1s positive if zero o 
circular scale has not reached 
cero of main scaic, Here zero error 
is +0.18 mm as [8th division on 
circular scale is before the index 


(2) Negative zero error: 

Zero error will be negative if zero of circular scale 
has crossed the index line. 

Correction of negative error: 

In the case of negative zero error, multiply the 
number of divisions of the circular scale that has crossed 
the index line with the least count of screw gauge to find 
the negative zero error as shown in the given figure (c). 
Find the diameter of a wire using a 

screw gauge. 


4.05 mm as § divisions of circula 
scale has crossed the index line. 


Circular scale reading is 85 
div, multiply it by 0.01 mm. 
This is equal to 0.85 mm. 


Solution: The diameter of given 

wire can be found as follows: 

(i) Close the gap between the 
spindle and the stud of the 
screw gauge by turning the 
ratchet in the clockwise 
direction. 

(ii) Note main scale as well as 
circular scale readings to find enn}: 21: Sinnulies tin iimaster eke 
zero error and hence zero wire using 8 micrometer screw gauge. 
correction of the screw gauge. 

{iii) Open the gap between stud and spindle of the screw gauge by turning the ratchet in 
anti-clockwise direction. Place the given wire in the gap as shown in figure |.11. 
Turn the ratchet so that the object is pressed gently between the studs and the 
spindle. 
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(iv) Note main scale as well as circular scale readings to find the diameter of the given 


wire. 
(v) Apply zero correction to get the correct diameter! (jjsce pywin sole reading i» 0 mom 
of the wire ard 2rd dhesion of cireuler scale 1s 


ee sess before the aniex line fence zero crrer 
{vi) Repeat steps iii, iv and v at different places of the} [i103 © 021) am ~ 0.24 am 


wire lo obtain its average diameter. 
Zero Correction: Closing the vap of the screw gauge as 
shown in the figure, 


Main scale reading ~ Omm 

Circular scale reading = 24*0.0! mm 
~ 024mm ’ 

Zero error of the screw vauge = 0 mm + 0.24 mm Figure 112: Zero error of the 
* +024 mm sercw gauge 

Zero correction ZC, = 0.24 mm 

Diameter of the wire: 

Main seale reading -~|mm 


(When the given wire is pressed by 
stud und spindle of the screw gauge) 


Circular scale reading is 8S 
diy. multiplied by 0.01 mm. 
This is equal to 0.85 mm 


Wire placed betwee the gap 


Muin scale reading (leaving 
fractional part) is Imm, 


Figure 1.11: Measuring the diameter ofa 
wire using a micrometer screw gauge. 


No. of divisions on circular scale = 85 div. 
Circular scale reading = 850.0] mm 
= 0.85 mm 
Observed diameter ol the given wire = | mm + 0.85 mm 
= 1.85 mm 
. Correct diameter of the given wire == 1.85 mm -0.24 mm 
= t.6l mm 


Thus, diameter of the given wire is 1.61 mm. ' 
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MINI EXERCISE 3: 
i. What is the least count of a screw gauge? 
2. What is the pitch uf your laboratory screw gauge? 
3, What is the range of your laboratory screw gauge? 
4. Which one of the pve instruments is more precise and why? 


(a) Vernier Callipers. (6) Screw Gauge. 
Ans: 1. — The least count of the screw gauge is 0.01 mm or 0.001 cm. 
The pitch of our laboratory screw gauge is | mm. 
The range of ovr laboratory screw gauge is 100mm, 
The instrument, screw gouge is more precise than vernier calipers. 
Reason: The least count of vernier calipers is 0.01cm while the least count of screw gauge is 0.001 cm. 
Q13.How many instruments are used for the measurement of mass, Write brief 
information for each. 
Ans: Mass - measuring instruments in ancient times: 
=> Pols were used to measure grain in various part 
of the world in the ancient times. 
=> Balances were also used by Greeks and Romans 
in the ancient times. 
Mass measuring instruments in recent days: 
1. Beam Balance. Now-u- days beam balances are 
used at many places, Figure 1.13; A beam balance 
In beam balance the unknown mass is placed in one pan, !t is balanced by putting 
known musses in the other pun. 
2. Physical Balance: A physical balance is used in the laboratory to measure the mass 
of various objects by comparison. 
Construction of physical balance: Physical balance consists of a beam resting at the 
centre on a fulcrum as in the given figure, 
Beam) = Bulancing Sevew 


ae 
Pointer is at 
zero, Beain is’ 
i balanced 


“ 


Figure 1.14: A physical balance 
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The beam carries scale pans over the hooks on either side, 

Working of physical balance: 

Unknown mass if placed on the leti pan. Find sume suitable standard masses that 
caus¢ the pointer to remain at zero on raising the beam. 
3. Lever Balance: A lever balance consists of a 
system of levers as shown in the given figure. 

Method to measure the object: 

When lever is lifted placing the object in one pan 
and standard masses on the other pan, the pointer of the 
lever system moves. The pointer is brought to zero by 
varying standard masses. 

4, Electronic Balance: Electronic balance is the 
most precise instrument for the measurement ef mass. 

A simple electronic balance is shown in figure. 
Ranges of electronic balance: 

Electronic balances come in various ranges, 
milligram ranges, gram ranges and kilogramme ranges. 
Use of electronic balances: Electronic balances are 
used in sweet and grocery shops. These are more 
precise than beam balances and are easy to handle. Figure 1.16: Aa electronic balance 
Method to measure the mass of object: 
= Before measuring the mass of a body, it is switched on and its reading is set to zero. 
=> Place the object to be weighed, on the electronic balance. 


= __The reading on the balance gives you the mass of the body placed over it. 

Find the mass of a small stone by a physical balance. 

Solution: Follow the steps to measure the mass of a given object. 

(i) Adjusting the leveling screws with the help of plumbline to level the platform of 
physical balance. 

(ii) Raise the beam gently by turning the arresting knob clockwise. Using balancing 
screws at the ends of its beam, bring the pointer at zero position, 

(iii) Tum the arresting knob to bring the beam back on its supports. Place the given 
object (stone) on its lefi pan, ' 

(iv) Place suitable standard masses from the weight box on the right pan. Raise the 

_ beam. Lower the beam if its pointer is not at zero. 

(v) Repeat adding or removing suitable standard masses in the right pan till the pointer 
rests at Zero on raising the beam. 

{vi) Note the standard masses on the right pan. Their sum is the mass of the object on 


: the left pan. oe 


Figure |.15: A lever balance 
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Q14. Which balance measures the most accurate mass from the given balances? 
Explain. 
(a) Beam Balance (b) Physical balance  (c) Electronic balance 

Ans: Which balance measures the most accurate mass, to check this, the mass of one 
rupee coin is done using different balances as given below: 

(a) Beam Balance: 


(b) Let the balance measures coin's mass = 3.2g 
A sensitive beam balance may be able to detect a change as small as of 0.1 g or 


100mg. 
(b) Physical balance: ) USEFUL INFORMATION: 

Let the balance measures coin’s mass =3.24g The precision of a balance } 
Least count of physical balance. 


Least count of the physical balance may be as |connot measure largo 
small as 0.01 g or 10 mg. Thereforce, it measures more pees et measures large masse 


accurate than a sensitive beam balance. 


(c) Electronic balance: 

Let the balance measures coin's mass=3.247g 

Least count of electronic balance. 

Least count of electronic balance is 0.001 g MINI EXERCISE 4: - 
or Img. I. What is the function of balancing 
More accurate measurement than beam and) screws in a physical balance? 
physical balance: 2. On what pan we place the object? 

The measurement of electronic balance is the] Ans: 1. Balancing screws in a physical 
more accurate balance than beam and physical balance is used to bring the polmier 
balance The electronic balance is the most at zero position 
sensitive balance in the all balances, 2, Place tho cbject into left pan. 
Q/5. What is a stopwatch? For what purpose it is used? Also write its working. 
Ans: Stop watch: 

A stopwatch is an instrument which is used to measure the 
time interval of an event. 
Types of stopwatches: There are two types of stopwatches. 

1. Mechanical stopwatches. 

2. Digital stopwatches. 
(1) Mechanical stopwatches: 

A mechanical stopwatch can measure a time interval up to 
minimum 0,1 second. 

A simple mechanical stop watch is shown in the given 
figure. 


Figure 1.17: A mechanical 
stopwatch 
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Digital Stopwatch: Digital swpwatch is commonly 
used in laboratories can measure a time interval as 
small as 1/100 second or 0.01 second. A simple digital 
Mop watch iy shown in figure. 

Working of mechanical stopwatch: 

A mechanical stopwatch has a knob that is used to 
wind the spring that powers the watch, 

It can ulso be used as a sturt-stop and rest button. 
Method to start or stop a stopwatch: Figure 1.18: A digital stopwatch 

lhe stopwatch starts when the knob is pressed once. When pressed second time, it 
stops the watch while the third press brings the needle back to zero position. 
Working of digital stopwatch: The digital stop watch starts to indicate the time lapsed as 
the start/stop button is pressed. As soon as start/stop button is pressed again. it stops and 
indigates the time interval recorded by it between start and stop of an event. A reset 
button restores its initial zero seiting. 
Q/6. What is a measuring cylinder? For what purpose it is needed? How a 


measuring cylinder can be used? : 
Ans: A measuring cylinder is u glass or transparent plastic cylinder. 
Scale on measuring cylinder: Measuring cylinder has a seale along its length that 
indicates the volume in millilitre (mL) as shown in figure: 
Capacity of measuring cylinder: 
Measuring cylinders have different capacities from 100 mL to 2500 mL. 
Uses of measuring cylinder: 
I. Measuring cylinder is used to measure the volume of a liquid or powdered 
substance. 
2. Measuring cylinder is also used to find the volume of an irregular shaped solid 
insoluble in a liquid by displacement method, 
Measuring of volume of solid: 
@ The solid is lowered into a measuring cylinder containing water / liquid. 
@ = The level of water / liquid rises. 
@® = The increase in the volume of water / liquid is the volume of the given solid object. 
Method to use a measuring cylinder: 
While using a measuring cylinder. it must be kept vertical on a plane surlace. 
1. Vake a measuring cylinder. 
2. Place it vertically on the table. 
3. Pour some waiter into it. 
4. Note the surface of water is curved us shown in the given figure. 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 22 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 


Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 
PHYSICS (EM) NOTES FOR 9tt CLASS (PUNJAB) 


| (4) Incorrect position 


se os Nar oe a Sere 

keeping eve at liquid bevel. 
Meniscus of the liquids: ‘he meniscus of the most liquids curve downwards while the 
Nieniscus of mercury curves upwards. 
Correct method to note the liquid level: 

Fhe correct method to note the level of a liquid in the cylinder is to keep the eye at 
the same level as the meniscus of the liquid as shown in above figure (b) 
incorrect method to note the liquid level: 

he incorrect method to note the liquid level keeping the eye above the level of 
liquid as shown in above figure (a). 
Level of eye: 

When the cye is above the liquid level, the meniscus appears higher on the seale, 
Similarly. when the eye is beloy the liquid level. ihe meniscus appears lower than actual 
height of the liquid. 

Measuring volume of an irregular shaped solid: Measuring cylinder can be used to 

find the Volume of a small irregular shaped solid that sinks in water. 

Volume of a smail stone can be found out as following: 

Take some walter in a graduated measuring cylinder, 

Note the yolume Vj; of water in the cylinder. 

Tie the solid with a thread. 

Lower the solid into the cylinder till it is fully immersed in water. 

Note the volume Vy of water a“ the solid. 

Volume of the solid will be Vy - 

ol 7.Which equipments are oaieuiel for the laboratory safety. Also write rules of 
laboratory safety. 

Ans: LABORATORY SAFETY EQUIPMENTS: 


A school laboratory must have safety equipments such as: 


Sek 


% Waste-dispusal basket w Fire extinguisher 
Fire alarm. First Aid Box, 
% = Sand und water buckets. W Fire blanket to put off fire. 
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% Substances and equipments that need extra care must bear[ LABORATORY SAFETY 
proper warning signs such as given below: 


A A ZN A AA 


Radioactive Poison General danger Flammable Explosive Electric hazard 
LABORATORY SAFETY RULES: The students should know 
what to do in case of an accident. The charts or posters are to 
be displayed in the laboratory to handle situations arising from 
any mishap or accident. For your own safety and for the safety 
of others in the laboratory, follow safety rules given below: 

»  Donot carry out any experiment without the permission of your einer 

>  Donot eat, drink, play or run in the laboratory. 

>» Read the instructions carefully to familiarize yourself with the possible hazards 
before handling equipments and materials. 


» Handle equipments and materials with care. 

» Do not hesitate to consult your teacher in case of any doubt. 

» Do not temper with the electrical appliances and other fittings in the laboratory. 
» — Report any accident or injuries immediately to your teacher. 


Q18.What are significant figures? Which| RULES TO FIND THE SIGNIFICANT 
rules are helpful in identifying DIGITS IN A MEASUREMENT 
significant figure? (i) digits other than zero are always 

Ans: Significant Figures: Al! the accurately 

known digits and the first doubtful digit in an 

expression are called significant figures. It reflects 
the precision of a measured value of a physical 
quantity. 

Rules to identify the significant figures. a 5 signilicont digits. 
The following rules are helpful identifying) (iy) Zeros used for spacing the decimal point 

significant figure. are not significant. Here zeros are 

(1) Non-zero digits are always significant. placeholders eal. 


Final rero of zeros after decimal are 


0.03 has | significant digit. 
(2) Zeros between two significant figures are 0.027 hes 2 significant digits 
also significant. Seanpee hind 
(3) Final or ending zeros on the right in decimal 
fraction are significant. 0. 00 2070 


(4) Zeros written on left side of the decimal point 
for the purpose of spacing the decimal puint 
are not significant. 
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(5) In whole numbers that end in one or more zeros without a decimal point. These 
zeros may or may not be significant. 
=> In such cases. it is not clear which zeros serve to locate the position value and 
which are actually parts of the measurements. 
=> In such a case, express the quantity using scientific notation, to find the significant 
zero. 


Find the namber of significant figures in each of the following 
values, Also express them in scientific notations. 
(a) 100.88 (b) O00580km (c) 210.0g 


Solution: 
(a) All the four digits are significant. The Rounding Numbers: 
zeros between the two significant figures |{i) - ng — than 5 a it oe 
ionifi ; ; ropped, This decreases the number o 
I ici pe no apa write ~ > digits n the figure. 
quantity in scleniiie nokalon, We MOVE |For example: 1.943 is rounded to 1.94 (3 significant 
the decimal point two places to the Icft, figure) 
thus. {ii} yet y aad 5, thon the digit 
id 2 on its left is increased by one. This also 
100.8 s = 1.008 x 10 s _ res the number of significant digits In the 
(b) The fist two zeros are not significant. figure. 


They are used to space the decimal |For example: 1.47 is rounded to two significant digits 


point. The digit 5,8 and the final zero are 15 ) 
significant. Thus there are three (i a a —— 
significant figures. In scientific notation, |For example: 1.35 is rounded fo 1.4 and 1.45 is also 
it can be written as 5,80*103 km, rounded to 1.4 


(c) The final zero is significant since it comes after the decimal point. The zero 
between last zero and | is also significant because it comes between the significant 
figures, Thus the number of significant figures in this case is four. It can be written 
as 210.0p = 2.100x10"g, 


Q19.How value of physical quantity can be expressed? On which factors, 
accuracy in measuring a physical quantity depends. Explain with examples. 
Ans: The value of a physical quantity is expressed by a number followed by some 
suitable unit. Every measurement of a quantity is an attempt to find its true value. 
Factors in which accuracy depends: 
The accuracy in measuring a physical quantity depends upon various factors, 
% ~The quantity of the measuring instrument. *%& The skill of the observer, 
. % = The number of the observation made. 
Explanation: for example, a student measures the length of « book as 18cm using a 
measuring tape. The numbers of significant figures in his/her measured values are two. 
The left digit | is the accurately known digit. While the digit 8 is the doubtful digit for 


-_ 
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which the student may not be sure. 

Another student measures the same book using a ruler and claims its length to be 
18.4 cm. In this case ull the three figures are significant. The two kf digits | and 8 are 
accurately known digits. Next d'git 4 is the doubtful digit for which the student may not 
be sure. 

A third student records the length of the book us 18.425 em. Interestingly, the 
meusurement is made using the same ruler. The numbers of significant figures is again 
three: consisting of two accurately Known digits 1.8 and the first doubtful digit 4. The 
digits 2 and 5 are not significant. It is because the reading of these last digits cannot be 
justified using a ruler. Measurement upto third or even second decimal place is beyond 
the limit of the measuring instrument. 

An improvement in the quality of measurement by using beter instrument increases 
the significant figures in the measured result. 


~ SUMMARY 


@ = Physics is a branch of Science that deals with matter, energy and their relationship. 

@ Some main branches of physics are mechanies. heat. sound, light (optics), 
electricity and magnetism. nuclear physics and quantum physics. 

@ = Physics plays an important role in our daily lite, For example. electricity is widely 
used every where. domestic appliances. office eyuipments, machines used in 
industry. means of transpert and communication ete work on the basic laws and 
principles of physics. 

@ A measurable quantity is called a physical quantity. 

@ Base Quantities: Vhese are defined independently. Seven quantities are selected as 
base quantities. Uhese are length, time. mass. electrig current. lemperature, intensity 
of light and the amount of a substance. 

© Derived quantities: the quantities which are expressed in terms of base quantities 
are called derived quantities. For example speed, area, density. foree, pressure, 
energy cic. 

e International System of Units: A world-wide system of measurements is known as 
international system of units (SL). In SI. the units of seven base quantities are metre, 
kilogramme, second. ampere, kelvin. candela and mole. 

@ = Prefixés: ‘hese are the words or letters added before a unit and stand for the 
multiples or submultiples of that unit. For example. kilo, mega, milli, micro. ete. 

© Scientific notation: hi is uw way to express a given number as a number between | 
and 10 multiplied by 10 having an appropriate power. It is also called its standard 
form. 

© Vernier Callipers: An instrument used to measure small lengtys such ay internal or 
external diameter or length of a cylinder ete. 
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1.1 
(i) 


(ii) 
(iii) 
(iv) 
(v) 


(vi) 


Screw gauge: {1 is used to measure small lengths such as diameter of a wire, 
thickness of a metal sheet ete. 

Physical balance: {1 is « modified type of beam balance used to measure small 
masses by comparison with greater accuracy. 

Stopwatch: | is used to measure the time interval of an event, Mechanical stop 
watches have least count upto 0.1 second, Digital stop watch of least count 0.01 
seconds are common. 

Measuring Cylinder: |i is ¢ yraduated glass cylinder marked in millilitres. lt is used 
lo measure the volume of a liquid and also to find the volume of an irregular shaped 
solid object. 

Significant figures: All the accurately known digits and the first doubtful digit in 
an expression are called significant figures. It reflects the precision of a measured 
value of a physical quantity. 


SOLVED QUESTIONS 


Encircle the correct answer from the given choices. 
The aumber of base units in S1 are: 


(a) 3 (b) 6 (c) 7 (d) 9 

Which one of the following unit is not a derived unit? 

(a) pascal (b) kilogramme (c) newton (d) wait 
Amount of # substance in terms of numbers is measured in: 

(a) gram (b) kilogramme (c) newton (d) mole 

An interval of 200 {ts is equivalent to: 

(a) 02s (b) 002s (c) 2x 104s (d) 2x 10s 
Which one of the following is the smallest quantity? 

(a) 0.01g (b) 2mg (c) 100 HE (d) 5000 ng 


Which instrument is most suitable to measure the internal diameter of a test 
tube? 
(a) metre rule (b) verniercallipers (c) measuring tap (d) screw gauge 


(vii) A student claimed the diameter of a wire as 1.032 em using vernier callipers. 


Upto what extent do you agree with it? 
a) lem (b) LOcm (c) 1.03 cm (d) 1,032 em 


(vili}A measuring cylinder is used to measure: 


(ix) 


- 


(a) mass (b) area ic) volume (d) level ofa liquid 
A student noted the thickness of « glass sheet using a screw gauge. On the 
main seale, it reads 3 divisiuns while 8" division on the circular scale coincides 
with index line. Uts thickness is: 


! 
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(a) 3.8m (b) 3.08 mm (c) 3.8mm (d) 3.08m 
(x) Significant figures in an expression are: 
(a) all the digits (b) all the accurately known digits 


(c) all the accurately known digits and the first doubtful digit 
(d) all the accurately known and ali the doubtful digits 
Ans:(i) 7 (ii) kilogramme (iii) mole (iv) 2* 10s (v) 5000ng 
(vi) vernier callipers (vii) 1.03 em (vili) volume (ix) 3.08 mm 
(x) all the accurately known digits and the first doubtful digit 
1.2 What is the difference between base quantities and derived quantities? Give 


three examples in each case. 
Ans: 


Buse Quantities Derived Quantities 
=> Base quantities are the quantities on the|=> The quantities that are expressed in 
basis of which other quantities are} terms of base quantities are called 
expressed. derived quantities. 


= Length, mass, time, electric current,/=> Volume, speed, force, work, energy, 
temperature, intensity of light and) power and electric charge are some 
amount of substance are examples of} examples of derived quantities. 
base quantities. 


1.3 Pick out the base units |n the following: 
joule, newton, kilogramme, hertz, mole, ampere, metre, kelvin, 
coulomb and watt 

Ans: kilogramme, mole, ampere, metre and kelvin are the base units. 

1.4 Find the base quantities involved in each of the following derived quantities. 
(a) speed (b) volume (c) force (d) work 

(a) Speed: ; 

Ans: Whe formula of speed is: 

Speed = distance covered by body 


time taken 
Unit of Speed= SUE = ms 
second 


=> Unit of speed shows that speed is a derived quantity and it ‘s derived from length 
and time. Metre is the unit of length and second is the unit of time. 

= Length and time are base quantities. 

(b) Volume: 

Ans: The formula of volume is: 
Volume = Length x width x height 
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Unit of volume: 
Volume = metre * metre * metre 
= m , 
=> The unit of volume shows that volume is a derived quantity and is obtained from 
the length. 
=> Length is a base quantity and its unit is metre. 
(c) Force: 


Ans: The formula of force is: 
Force = mass * acceleration 
F =mX*a 
Unit of force: 
Force ~ kilogramme * metre per second per second 
= kg ms-2 

= The unit of mass is kilogramme, the unit of length is metre and the unit of time is 

second, 
=> The unit of force shows that it is a derived quantity. 
= Force is derived from mass, length and time. Mass, length and time are base 

quantities 
(d) Work: 
Ans: The formula of work is: 

Work =F x§ 
Unit of work: 

work = kgms-2 x m 

=kgm2 5 2 

= Unit of work shows that it is a derived quantity. Work is derived from the mass, 

length and time. 
=> Mass. length and time are base quantities. 
1.5 Estimate your age in seconds. 


Ans: Supposed age of a person = 15 years. 
Total days in one year = 365 days. 
Total days in 15 years = 365 * 15 = 5475 days 
Total hours in one day = 24 hours. 
Total hours in 5475 days = $475 x 24= 131,400 hours 
Total minutes in one hours = 60 minutes 
Total minutes in 131.400 hours = 131,400 x 60 = 7884000 minutes 
Total seconds in one minutes = 60 seconds. 


‘Total seconds in 7884000 minutes = 788400060 
15 years of age 473,040,000 seconds 


Mi 
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By the given method you can convert your exact age into seconds. 
1.6 What role S/ units have played in the development of science? 
Ans: SI units have played a very important role in the development of science. 
SI! units are very helpful to exchange scientific and technical information at the 
international level. 


1.7 What is meant by vernier constant? 
Ans: The least count of the vernier callipers is also called the vernier constant. It can be 
defined as: 
The difference between one small division on main scale divisicn and one vernier 
scale division is 0.1 mm. It is called least count (LC) of the vernier callipers. 
Least count of the vernier callipers can also be found as given below, 


Least count of vernier callipers = Smallest reading on the main scale _ 
Number of divisions on vernier scale 

1.8 What do you understand by the zero error of a measuring instrument? 

Ans: By closing the jaws of measuring device, if the zero line of one scale (vernier scale) 
coincides with the zero line of its main scale (other scale) then there is no zero 
error. But zero error will exist if the zero line of one scale (vernier scale) is not 
coinciding with the zero of other scale (main scale). Zero error will be positive if 
zero line of one scale (vernier scale) is on the right side of the zero of other scale 
(main scale) and will be negative if zero line of one scale (vernier scale) is on the 
left side of zero of the other scale (main scale), 

1.9 Why is the use of zero error necessary in a measuring instrument? 

Ans: Zero error is necessary in measuring instrument to obtain an extreme correct value. 

1.10 What is a stopwatch? What is the least count of a mechanical stop watch you 
have used in the laboratories? 

Ans: Stopwatch isa device which is used to measure the time interval of an event. 
Mechanical stopwatch have least count upto 0.1 second. 

1.11 Why do we need to measure extremely small interval of times? 

Ans: In nature and also in physics, there are so many phenomenon which vary with 
respect to the extremely small interval of time and for their experimental 
measurement we need very precise time measuring instrument. We need to measure 
extremely small interval of times to calculate the time intervals of natural and 
artificial events. 

1.12 What is meant by significant figures of a measurement? 

Ans: All the accurately known digits and the first doubtful digit in an expression are ° 
called significant figures. 

Significant figure reflects the precision of a measured value of a physical quantity. 
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1.13 How is precision related to the significant figures in a measured quantity? " 
Ans: An improvement in the quality of measurement by using betier instrument increases 
the significant figures in the measured results. The significant figures are all the 
digits are known accurately and the one estimated digit. 
More significant figure means greater precision. 


SOLVED PROBLEMS | 


1.1 Express the following quantities using prefixes. 
(a) $000g (b) 2000000W (c) $2x10°"°kg (d) 225 *10*s 


Ans: 
OO. _——s (c) 52 X 10-10 kg 
ween = ae > dil = §2x IG-10x [0+3 g 
a Sorento = oe 10 [Ekg = 10° g] 
= 5x10°g = 5.2 10x 10-10 x [03g 
= 5.2104 x 10-102 
500g = [-rlkg=10'g} 32 «10% 
(b) macetec Mi ol dvbtiens toy "106 [-rlpg =10%g] 
ultip ying an ivi ing " " 
2u0000W 
ar” iis (d) 225% 10-8s 
2000000 2000000 = 2.25 x 102x [0-85 
= °W = ——_ 1 "Ww = 
108 «10 7000000 * 0 2.25 x |0-6s . 
= 2x106 W [lps =10~s] 


[2000000 W = 2MW| [IMW =10°W] “ " 


1.2 How do the prefixes micro, nano and pico relate to each other? 
Ans: Relation between micro,nano and pico. 


As we know. 

micro = H = 10% 

nano =n = 10% 

Pico =p = 10°22 

The relation between micro, nano and pico can be written as. 
micro = 10-6 

nano == 106x103 = [0° micro 


Pico == 10x 10° = 10° micro 
1.3 Your hair grow at the rate of Imm per day. Find their growth rate in nms~!. 
Ans: Given Data:, 

growth rate = Imm/day 
EE EE ES A a a 
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growth rate = | * 10-3m/day 
Required: growth rate in nms~! = ? 


Calculations: First we convert days into seconds 


24 hours 
60 minutes 
60 seconds 


| day = 24x 60 x 60 seconds 

| day 86400 s 

Now we convert "m" in "nm" 

1x10™m 
10° 

= 1*103x 10*9%x 109m 

= 10t6nm 

Consequently: 


As; |day = 
thour = 


| minute = 
So; 


x10” 


As; 


growth rate in nms-! = | 11.57 nms"‘ 
Alternative method: 
Rate of the growth of hair 


Rate of growth in nano meter per day 


Rate of growth in nanometer per hour 


[10m =Inm] 


Imm per day. 


m 
1x10°— 
day 


= [x10-3x109 i 


= 1x106 = 
1x 10° 
= = 7 


4.167%104 nm 


4.167 x10" 
Rate of growth in nanometer per minute = a “= nny in 


Rate of growth in nanometer per second = 


= 6.94102 any in 


6.94x10° nm / 
60 sec { 


4 
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Rate of growth = 1Is7x10! OY’ = 11.57 MY 
Answer: [he rate of the growth of hair in nano metre per second is | 1.57. 
1.4 Rewrite the following in standard form. 

(a) 1168 *10-?? (b) 32105 (c) 725*10-5kg (da) 0.02x10- 


(a) 1168 x 10-27 (b) 32105 

= 1.168 x 103 x 10-24 = 3.2% 10% 105 

= [1.168x10™] = 
(c) 725. * 10-5 kg () 0.02 10-8 

= 725 «10-5 x 103g - x04 

= 7.25 102 « 10-5 103g 100 

= 7.25% 105« 105% - 04 

io 


= 2.0 10?x 10% 


1.5 Write the following quantities in standard form. 
(a) 6400 km (6) 380 000 km ~—_(e) 300,000,000 ms-! (d) second in a day 


Ans: 
(a) 6400 km 
Multiplying and dividing by "10?" 
6406-m 
= 10° 
1090 1? Km 
= wy 10'km 
10 
= |64x10°km) Answer 
(b) 380,000 km 
Multiplying and dividing by 105. 
380000 
= T° x10°km 
_ 380006 |: 
* 4 x10°km 


= 3.810" km] Answer 


{c) 300000000 ms-! 
Multiplying and dividing by "108" 
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300000000ms"' 
100000000 


(d) Seconds in a day 
As we know 
|day = 24hours 
| hour = 60 minutes 
| minute = 60 seconds 


x10° 


So 
| day 24 * 60 x 60 seconds 
|day = 86400s 
|day = 86400s 
Multiplying & dividing by 10* 
86400 
x10's 
10000 


= 
Alternative Method: 
Hours in a day 24 
Minutes in a day 24x60 
Seconds inaday = 1440*60 
Standard form of 86400 seconds: 
86400 = 864x100 
86400 seconds = 864x10? 
86400 seconds = 8.64x102x102 
1.6 On closing the jaws of a vernier callipers, zero of the vernier scale is on the 
right to its main scale such that 4th division of its vernier scale coincides 
with one of the main scale division. Find its zero error and zero correction. 
Ans: Data: 
Main scale reading = 0.0cm. 
Vernier division coinciding with main scale = 4th division 


1440 minutes 
86400 seconds 


Solution: 
Vernier scale reading = 4% 0.01 cm = 0.04cm 
Zero error = 0.0cem+0.04cm = 0.04cm 
Zero correction (Z.C) = —0.04cm 


Answer: The zero error of the vernier scale is 0.04cm and its zero correction is -0.04cm. 
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1.7 A screw gauge has 50 divisions on its circular scale. The pitch of the screw ~~ 


gauge is 0.5 mm. What is its least count? 


Duta: Divisions on the circular scale of screw gauge =50 division 


Pitch of the screw gauge = 0.5mm 
Required: Least count o! the screw gauge © ? 
Formula; a = Pitch 
Number of divisions on circular scale 
0.5mm 
Least count = 50 divisions 


1.8 


(a) 


(b) 


(c) 


(d) 


Lg 


(a) 


(b) 


(c) 


Least count = 0.0] mm 


Which of the Felioulee snaiellin have three significant figures? 
(a) 3.0066 m (b) 0.00309kg (cc) 5.05 *10-°7 kg(d) 3010s 
3.0066 m 

The significant figures in this quantity are five. 

Because the zeros between significant figures are also significant. 
0.00309 kg 

The significant figures in this quantity are three. 

Because zeros used for spacing the decimal point are not significant. 
5.05 x 10-2” kg 

The significant figures in this quantity are three. 

Because the zeros between significant figures are also significant. 

301.0 (s) 

The significant figures in this quantity are four. 

Because the zeros after decimal are significant. 

From all the quantities (b) and (c) have three numbers of sigrificant figures. 
What are the significant figures in the following measurements? 
(a) 1.009 m (b) 0.00450kg (cc) 1.66 *10°’ kgld) 2001s 
1.009m. 

The significant figures in this quantity are four. |, 0, 0, and 9. 

Because the zeros between significant figures are also significant. 
0.00450 kg. 

The significant figures in this quantity are three. 

Because the zeros used for spacing the decimal point are not significant. 
1.66 x 10-27 kg, 

The significant figures in this quantity are three. |, 6. and 6. 

All the digits before the 10-27 are significant, 
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“@) 2001 s. 

The significant figures in this quantity are four. 2, 0, 0 and 1. 

Because the zeros between the significant figures are also zero. 
‘4.10 A chocolate wrapper is 6.7 cm long and 5.4 cm wide. Calculate its area upto 

reasonable number of significant figures. 
Data: Length of the chocolate wrapper = 6.7cm. 

Width of the chocolate wrapper = 5.4cm 
Required: Area =? 
Formula: Area = Length x Width 
Solution: A = 6.7 cm * 5.4cm 
A = 36. 18cm 


, 


Answer: The area of the given chocolate wrapper is 36cm’. 


OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 


PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 
(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 
RAWALPINDI, 9.G. KHAN And BAHAWALPUR) 


__|ntroduction To Physics 
Physical Quantities 
International System of Units 


vx Tick the correct answer. 


1. The study of internal structure of the earth is: (GRW.GIL& GID 
(A) Atomic Physics (B) Geo Physics (C) Sound (D) Heat 

2. Which one of the following units is not a derived unit: (LUR. GL, SGD, GIh 
(A) Pascal (B) Kilogram (C) Newton (D) Watt 

3. One cubic meter is equal to: ; (GRW. G1) 
(A) 100 liter — (B) 1900 liter (C) 10000 liter (D) 7500 liter 

4. The number of base units in SI are: (SWL. Gl, FBD, Gil, SGD. Gl, BWP. GI!) 
(A) 7 (B) 3 (C) 6 (D)9 ” 

5. Amount of matter in a substance is measured in SI unit by: (SGD, Gt 
(A) Gram . (B) Kilogram (C) Newton (D) Mole 

6. Amount ofa substance in terms of numbers is measured in: (DGK, Gt, FBD. GI) 
(A) Gram (B) Kilogram (C) Newton (D) Mole 

7. Volume of one litre is equal to: ; (LHR. Gl, RWP.GI) 
(A) lem} (B) 10cem3 (C) 100cm3 (D) 1000cm? 
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1. Geo Physics 2. Kilogram 3. 1000 liter 4. 7 
5. Kilogram 6. Mole 7. 1000cm3 
%x Give short answer to the following questions. 
1. Define Physics. (LHR. GI, PBD. Gl, MLN. GI SGD. GI) 
Ans. Physics is a branch of science, in which matter, energy and their interaction are 
studied. 
2. Differentiate between Plasma Physics and Geo Physics. (SGD. Gl, GRW. Gil) 


Ans. Plasma Physics: It is the study of production, properties of the ionic state of 
matter-the fourth state of matter, 
Geo physics: It is the study of the internal structure of the Earth. 
3. Differentiate between aiomic physics and plasma physics, (RWP. Gl, BWP. G1) 
Ans. Atomic physies: It is the study of the structure and properties. 
Plasma physics: It is the study of production, properties of the ionic state of matter 
the fourth state of matter. 
4. Define electromagnetism, (GRW. GI) 
Ans. It is the study of the charges at rest and in motion, their effects and their 
relationship with magnetism. 
5. Define atomic physics and nuclear physics. (FBD. Gil, RWP. Gil) 
Ans. Atomic Physics: It is the study of the structure and properties of atoms. 
Nuclear physics: |t deals with the properties and behaviour of nuclei and the 
particles within the nuclei. 


6. Define Mechanics and Geophysics. (MLN, Gil) 
Ans. Mechanics: This branch of physics is the study of motion of objects, its causes and 
effect. 
Geophysies: It is the study of the internal structure of the Earth. 
7. Define the term Mechanics and Electromagnetism. (BWP. Gil) 
Ans. Mechanics: This branch of physics is the study of motion of objects, its causes and 
effect. 


Electromagnetism: |t is the study of the charges at rest and in motion, their effects 
and their relationship with magnetism. 
8. Write two advantages of Physics in our daily life. (BWP, Gil) 
Ans. 1. A car is made on the principles of mechanics. 
2. A refrigerator is based on the principles of thermodynamics. 
9%. What is the difference between base and derived quantities? . 
Ans. Base Quantities (GRW, GI & GIL, DGK. GI, FBD. GIL, RWP, GI) 
¥ Base quantities are the quantities on the basis of which other quantities are 
expressed. ee 
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# Length, mass, lime electric current, temperature, intensity of light and amount of 
substance are examples of base quantities. 
Derived Quantities 
¥ The quantities that are expressed in terms of base quantities are called derived 
quantities. 
W% Volume, speed, force. work. energy. power and electric charge are some 
examples of derived quaniities. 
10. Name any two base quantities. (MLN. GD 
Ans. |.engih, Mass 


11. What is meant by derived quantities? Give two examples. 
(SW. GH SGD, GH, LAR, GI, BWP. Gi) 


Ans, | he units used to measure derived quantities are called derived units, 
OR Derived units are defined in terms of base units and are obtained by 
multiplying or dividing one or more base units with each other. 

12. What is meant by International System of Units? (SGD. GL) 

Ans. The eleventh General Conference on Weight and Measures held in paris in 1960 
adopted a world-wide system of measurements called, International System of Units. 
The International System of Units is commonly neferred as SI. 


13. Define base quantities and base units. (MLN. GH, SWL. GI, FBD. Gl, RWP. G1) 
Ans. Base quantities: Base quantities are the quantities on the basis of which other 
quantities are expressed. (OR) 


There are seven physical quantities which form the foundation for other physical 
quantities. These physical quantities are called the base quantities. 
Base units: The units that describe base quantities are called base units. Each base 
quantity has its SI units, 
14. Write the names of four derived units. (DGK. GI} 
Ans. Speed, acceleration, volume, force 
1.44+1.5 Prefixes + Scientific Notation 


‘came Measuring Instruments+ Significant Figures 


% Tick the correct answer. 


1. Which one of the following is the smallest quantity: (LUIR. GIL, MLN. Gil) 
(A) 0.0lg (B) 2 mg (C) 100pu2 (D) 5000 ng 

2. One micro meter is equal ta: (FBD.G 1) 
(A) 10m (B) 103m (C) 10°%m (D) 10°m 

3. One milliliter is equal to: (MLN. G I) 
(A) Imm (B) lem (C) Idm3 (D) Im3 
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4. An interval of 200s is equivalent to: (SWL. G 1, GRW. Gl) 
(A) 0.2s (B) 0.02s (C) 2*104s (D) 2x10 ®s 
5. One giga gram is equal to: (SWL. G Il, 2015) 
(A) 10’g (B) 10° (C) 10° g (D) 10° g 
6. A measuring cylinder is used to measure: (FBD. G 1, BWP. G 1 MLN. GD) 
(A) Mass (B) Area (C) Volume (D) Level of a liquid 
7. The least count of digital Vernier call.pers is: (RWP. Gt, LIER. GID 
(A) 0.01mm (B) 0.001mm (C) 0.)mm (D) |mm 
8. Instrument which is most suitable to measure the internal diameter of test tube 
is: (DGK. GI, BWP. GI, SWL. Gt) 
(A) Meter rod (B) Vernier Callipers (C) Screw gauge (D) Measuring Tape 
9. The least count of metre rod is: (RWP. G II, 2015) 
(A) Imm {B) 0.01m (C) 0.0lem (D) 0.01mm 
10. What is the least count of Mechanical Stop Watch? (BWP. G 1, 2015) 
(A) O.1s (B) 0.01s (C) 0.001s (D) 0.0001s 
11. The number of significant figures in 0.00580km is: (RWP. G 11, 2014) 
(A) 5 (B) 4 (C) 3 (D)2 
1. 5000ng 2. 10°m 3. ten 4. 2x104s 
5. 10’¢ 6. Volume 7% 0.01mm 8. Vernier Callipers 
9 Imm 10. O.ls ll, 3 
¥r Give short answer to the following questions. 
1, What is meant by prefixes? (SWL. GI & GU, DGK. Gil) 


Ans, Prefixes are the words or letters added before a unit and stand for the multiples or 
sub-multiples of that unit. For example, kilo, mega, milli, micro, ete. 


2. Estimate your age in seconds. (LHR. Gl, FBD. Gil, DGK. Gil) 
Sol. IS years = Age 
| year = 12 months 


l year = 365 days 

t year = 8760 hours 

i year = 525,600 minutes 

| year = 52560060 = 31,536,000 sec 
: 15 years = 15 * 315, 36000 sec 
15 year = 473,040,000 sec 


, 3. Express in scientific notation: 0.00580 km , 210.0 g oun. 2 
/ Sol. 0.00580 km = 5.80 * 103 km 
210.0g =2.1 x 10g 
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4. In Physics what is importance of scientific notation in writing quantities. (scp. Gy 
Ans. |n physics, scientific notation saves writing down or interpreting large numbers of zeros. 


5. Write in Scientific Notation: (i) 100.8sec (ii) 0.00580 km (BWP. GI) 
Ans.{i) 100.8sec = |.008* 10° sec {ii) 0.00580 km = 5.80*103 km 
6. What is meant by vernier constant? (LUR. Gil, MLN. GI, FBD. Gl, GRW. GI) 


Ans. Ihe difference between one small division on main scale division and one vernier 
scale division is 0.1 mm. It is called least count (LC) of the vernier callipers or 
vernier constant. 

Smallest reading on the main scale | 

Number of divisions on vernier scale 

7. What do you understand by the zero error of a measuring instrument? 

(LUR. GI, SWL. Gil) 

Ans. By closing the jaws of measuring device, if the zero line of one scale (vernier scale) 
coincides with the zero line of its main scale (other scale) then there is no zero 
error. But zero error will exist if the zero line of one scale (vernier scale) is not 
coinciding with the zero of other scale (main scale). Zero error will be positive if 
zero line of one scale (vernier scale) is on the right side of the zero of other scale 
(main scale) and will be negative if zero line of one scale (vemier scale) is on the 
left side of zero of the other scale (main scale). 

8. What is meant by zero error and zero correction? (GRW. GD 

Ans. Zero error: If the zero of the main scale does not coincide with the zero of the 
vernier scale, when the jaws closed there is zero error in the instrument, 

Zero correction: To remove the error in the instrument is called zero correction. 

9. Why a serew gauge measures more accurately than a vernier callipers? 

(GRW. GIL. BWP. Gl, MLN. GD 

Ans. The instrument, screw gauge is more precise than vernier callipers because the least 
count of yernier calliper is0.01cm while the least count of screw gauge is 0.001 cm, 

10. How a digital stop watch can be used? (GRW. GU, FBD. GI) 

Ans. The stopwatch starts when the knob is pressed one. When pressed second time, it 
stops the watch while the third press brings the needle back to zero position. 

11. Define meter rod and also write its least count. (SGD. GI, BP. Gil) 

Ans. Meter rod: A metre rule is a length measuring instrument. 

Least count: One millimeter is the smallest reading that can be taken using a metre ~~ 
rule and is called its least count. 

12. Define least count. What is the least count of a meter rod? (RWP. Gl, GRW, Gi) 

Ans. The smallest reading that can be measured from any instrument is called least count. 
The least count of metre rod is Lmm. 


least count of vernier callipers » 
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13, Write the use of physical balance in physics in short. (DGK. GI) 
Ans. A physical balance is used in the laboratory to measure the mass of various objects 
by comparison. 


14. Differentiate between Mechanical Stop Watch and Digital Stop Watch. (awr.cy 
Ans. Mechanical stopwatch: A machinal stopwatch can measure a time interval up to 
minimum 0.1 second. 


Digital stopwatch: Digital stopwatch is commonly used in laboratories can Measure 


a time interval as small as Noo second or 0,01 second. 


15. Define least count of screw gauge. (DGK. Gi) 
Ans. Least count of screw gauge: [east count of screw gauge can be found as given below. 
Pitch 
Least count = 


Number of divisions on circular scale 


] 
Least count = =(0,01mm 


100 
Least count = 0.0lmm =0.00lcm, 
Least count of the screw gauge is 0.0! mm or 0.001 cm. 
16. What is meant by significant figures and how many significant figures are 
there in 0.027? (SWL. Gl, RWP. GI, SWL. Gil) 
Ans. Significant figures: All the accurately known digits and the first doubtful digit in 
an expression are called significant figures. 
Significant figure reflects the precision of a measured value of a physical quantity. In 
0,027, there are two significant figures. 
17. Write down two rules to find the significant digits in a measurement. 
(SGD. Gi, MLN. Gt) 
Ans. 1.  Non-zero digits are always significant. 
2. Zero between two significant figures are also significant, 
18. Round of 1.35 and 1.45. (DGK. GI) 
Ans. 1.35 rounded to 1.4, and 1.45 rounded to 1.4 
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@ STUDENTS LEARNING OUTCOMES 


After studying this unit, the students will be able to: 
- _ describe using examples how objects can be al rest and in motion A Ree Y- 
» identify different types of motion i.e. translatory, 7 


(linear, random and circular): rotatory and 
vibratory motions and distinguish among them. 

> differentiate with examples between distance and 
displacement, speed and velocity. 

- differentiate with examples between scalar and 
vector quantities. 

* represent vector quantities by drawing, 

» define the term speed, velocity and acceleration. 

» plot and interpret distance - time graph and 
speed-time graph. 

7 determine and interpret the slope of distance-time 
and speed-time graph. 

» determine from the shape of the graph, the state o 
a body. 
(i) atrest (ii) Moving with constant speed. 
(iii) Moving with variable speed. 

» calculate the area under speed-time graph to determine the distance traveled by the 
moving body. 

~ derive equations of motion for a body moving with a uniform acceleration in a 
Straight line using graph. 

7 solve problems related to uniformly accelerated 


Conceptual Linkage 
This unit is built on 

Force ond Motion —kience-f¥ 
This chapter leads to: 

Motion and force 


motion using appropriate equations. 


» solve problems related to freely falling bodies 


using 1!0ms~ as the acceleration due to gravity. 


INVESTIGATION SKILL: 
'» demonstrate various types of motion so as to distinguish between translatory, 
rotatory and vibratory motions. 
7 measure the average speed of a 100m sprinter. 


—Physics- Xi 
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SCIENCE, TECHNOLOGY AND SOCIET Major Concepts: 
. 1 Rest and motion 
CONNECTION: ‘os cineation 


» list the effects of various means of (Translatory, rotatory, vibratory) 


transportations and their safety issues. Terms associated with motion; 
@ Position @ Distance and displacement 


r the use of mathematical slopes (ramps) © Speed and velocity® Acceleration 
of graphs or straight lines in real life log scalars and vectors 


applications, Graphical analysis of motion; 
~ interpret graph from newspaper, ©  Distance-time graph 
sedeasl ard ss © Speed-time graph 
magazine regarding cricket and weather Egeations of 
etc. ® $=v 6 y=¥ + at 


The first thing concerning the motion of @ S=vi+ar © y?~v) = 205 
an object is its kinematics. Kinematics is Motion due to gravity 
the study of motion of an object without discussing the cause of motion, scalar and vector 
quantities, the relation between displacement, speed, velocity and acceleration; linear 
motion and equations of motion 


BAB Rest And Motion 


Q!. What is kinematics? Define rest and motion with examples. Discuss the 
state of rest or motion of a body is relative. 
Ans: Kinematics: Kinematics is the study of motion of an object without discussing the 
cause of motion. 
Rest: A body is said to be at rest, if it does not change its positivn with respect to its 
surroundings. 
Example No 1: A book, placed on the table is an example of rest. Because it does not 
change its position. 
Example No 2: Trees and streetlights around the roads are the examples of rest. Both do 
not change their positions. 
Meaning of surroundings: Surounding are the places in neighbourhood of any object, 
where various objects are present, 
Motion: A body is said & be in motion, if it changes its position with respect to its 
surroundings. 
Example No 1: A bus moving on a road is an example 
of motion. 
Example No 2: A running boy in the street is an 
\ example of motion. 
; State of rest or motion of a body is relative. 
The state of rest or motion of a body is relative. 
Explanation: A passenger sitting in a moving bus is at] Figure 2.1; The passengers in 
rest because he/she is not changing his/her position with | ¢ bus are also moving with it, 
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respect to other passengers or objects in the bus, 
But to an observer outside the bus, the passenger and the objects inside the bus are 


in motion. 
| 2.2 BS 


Q2. Into how many types motion is divided? Write an explanatory note with 


examples. 
Ans: Types of motion: 
The motion of bodies can be divided into three types. 
(1) Translatory motion (linear, random and circular) 
(2) Rotatory motion. 
(3) Vibratory motion (to and fro motion) 
(1) Translatory motion: 
Translatory motion is a type of motion in which a body moves along a line without 
any rotation. This line may be straight or curved. 
Example No 1. 
A car moving in a Straight line has translational motion. 
Example No 2. 
An aeroplane moving Straight is an example of translational motion. 
Example No 3. “ 


In the given figure the object moves along a curved 


path without rotation. This is the translational motion of 


the object. Figure 2.3; Translatory motion 
of an objec! along a curved path. 


Example No 4. 
Riders moving in a ferris wheel are in translationa 
motion. Their motion is in a circle without rotation. 
Types of translatory motions: 
Translatory motions are divided into three types. 
(i) Linear motion (ii) Circular motion 
(iii) Random motion 
(i) Linear motion: Straight line motion of a body is 


known as its linear motion. Figure 2.4; Translatory mo 

Examples: of riders in Ferris wheel. 

1, The motion of objects such as a car moving on a straight and level road is lincar | 
motion. 


2. Acroplanes flying straight is an example of linear motion. 
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3. The object falling vertically down is an example of linear motion. 


Figure 2.2: Acar and an acroplane 
moving along a straight line are in 
linear motion, 


Figure 2.5: Linear motion 
of the ball falling down. 


(ii) Circular motion: 

The motion of an object in a circular path is know 
as circular motion. a a. 
Example No 1; A stone tied at the end ofa string can bq 
made to whirl, The stone as shown in given figure moves 
in a circle and thus has circular motion. 
Example No 2: The Given figure shows a toy trai 
moving on a circular track. 
Example No 3: A bicycle or a car moving along a 
circular track possesses circular motion. 
Example No 4: The riders in a moving ferris wheel 
have circular motion. 
Example No 5: Motion of the Earth around the Sun is) Figure 2.7: A toy train moving 
also the example of circular motion. on a circular track 
(iii) Random motion: 

The disordered or irregular motion of an object is called random motion. 
Example No 1: The motion of insects and birds is random motion. 
Example No 2: The motion of dust or smok 
particles in the air is also random motion. 
Example No 3: Zig zag motion of the molecules of 
gases and liquids is called random. It is also called 
Brownian motion. This movement is also shown i 
figure. 


“Team emen arent”: 


Figure 2.8: Random motion of 


(2) Rotatory a ges ‘ cigigeaaa is called Brownian 


The spinning motion of a body about its axis is called rotatory motion. 


Example No 1: The top is shown ina given figure. ‘The top spins about its axis passing 
through it and thus it possesses rotatory motion. 
An axis is a line around which a body rotates. 
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Example No 2: The type of motion of a bicycle wheel about its 
axis and a steering wheel are the examples of rotatory motion. 
Example No 3: The motion of the Earth about its own axis is 
rotatory motion. 

Example No4; The rotation of a football on a vertical finger is 
an example of rotatory motion. As shown in the figure. 
Difference between circular and rotatory motion: 

In circular motion, the point about which a body goes 
around, ts oulside the body. In rotatory motion, the line, about 
which a body moves is passing through the body itself. 

Vibratory motion: Fig 2.9: Rotatory motion 

Yo and fro motion of a body about its mean position is known as vibratory motion. 
Example No 1: Consider the motion of a 
baby in a swing as shown in the given 
figure. 11 moves back and forth about its 
mean position, The motion of the baby 
repeats from one extreme to the other 
extreme with the swing. 

Example No 2; The pendulum of the clock 
has vibratory motion. The movement of this 
pendulum can be shown in the given figure. 
Example No 3: A baby in a cardle moving to and fro, about its 
mean position. This is an example of vibratory motion. 
Example No 4: Up and down movement of the children in a 
see-saw is an example of vibratory motion, 

Examples No $: Yo and fro motion of the hammer of a 
ringing electric bell ts an example of vibratory motion. 


Figure 2,10; Vibratory Figure 2.1; Vibratory 
motion of « child and ~~ motion of the pendulum 
@Smi.g of a clock. 


Example No 6: The motion of the string of a sitar is an pi Ne 
example of vibratory motion. = pov Pascng tidepes macs Pagamegm 


MINI EXERCISE: 

I, When a body is said to be at rest? 

Ans: A body ts said to be at rest when it dees not change Its position. 

2. Gime an example of a body that is at rest and is in motion at the same time. 

Ans: A passenger sitting in a moving bus is ot rest because he/she is mot changing his/her position with respect to 
other passengers or objects in the tus. But fo an observer outside the bus, the passengers and the objects 
inside the bus are in motion, 

3. Mention the ope of motion in each of the following: 

(i) A ball moving vertically upward. 

Ans: Linear motion, 
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Movement of a player in a football ground. 
Random motion. 


The flight of a buttertly. 
Random motion. 


An athlete running in a circular track. 
: Circular motion. 

The motion of o wheel. 
: Circular motion. 

The motion of a cradle, 


: Vibratory motion. 


WB Scalars And Vectors 


Q3. Define scalars and vectors quantities. Also give examples of them. 
Ans: Scalar quantities: The physical quantities which are described completely by its 
magnitude only called scalars. OR 

A scalar quantity is described completely by its magnitude only. 

Meaning of magnitude: The magnitude of a quantity means its numerical value with an 
appropriate unit such as 2m, 40kg, 2s etc, 

Examples: Mass, length, time, speed, volume, work and energy are examples of scalar 
quantities. 

Vector quantities: 

A vector can be described completely by magnitude along with its direction. OR 

Such physical quantities which can be described completely by magnitude along 
with direction are called vectors. 

Examples: 

Examples of vectors are velocity, displacement, force, momentum, torque etc. 
Importance of direction tor vectors: 

lt would be meaningless to describe vectors without direction, 

For example, distance of a place {rom reference point is insufficient"to locate that 
place. The direction of that place from reference point is also necessary to locate it. 
Explanation of vectors by a simple case: Consider a table as shown in given figure. 
Two forees F, and F are acting on it. 

Suppose these two forces F; and F2 are acting on opposite directions as shown in 


given figure. 
Sa 2 F, 
' 
(a ’ y " 


Figure 2.13: (a) both acting Figure 2.13: (b) acting in 
in the same direction opposite direction 


Surely the two situations differ from cach other. Both situations differ due to the 
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direction of the forces acting on the table. 
Vhus the description of a force would be incomplete if direction is not given, 

Walking of a person to a specific direction: When a person is walking at the rate of 

3kmbh | towards north then it is an example of vector. 

Q4. How a vector can be represented? 

Ans: Vectors can be represented by following methods. 

Method No 1: A vector is usually represented by a bold letter. 
lo differentiate a vector from a scalar quantity, It is generally used bold letters to 

represent vector quantity. Such as F, a, d. 

Method No 2: Vectors can be represented by a bar or arrow over their symbols such as 

F.a,d or F,a and d. 

Method No 3: 
Graphically a vector can be represented by a line 

segment with an arrow head as shown in the given figure. Vv 

> The line AB with arrowhead at B represents a vector ¥. A 

<> The length of the line AB gives the magnitude of the Figure 2.14: Graphical 
vector V on u selected scale. “presentation of vector V 

=> Direction of the line from A to B gives the direction 
of the vector V. 

Examples 2.1 Represent a force af 80 N acting toward 
North of East. 

SOLUTION: Senle. lem UN 

Stepl: Draw two lines perpendicular to each other. | Soh 

Horizontal line represents East-West and vertical line 
represents North-South direction as shown in figure. 

Step2: Select a suitable scale to represent the given vector, 
In this case we may take a scale which represents 20 N 
by | em line. 

Step3: Draw a line according to the scale in the direction of 
the vector. In this case, draw a line OA of length 4 Cm | pigure 2.15: Representing 80 N 
along North-East. Fore acting Nerth-Bunt. 

Step4: ul an arrow head at the end of the line. In this case arrow head is at point A, 
Thus, the line OA will represent a vector i.e., the force of 80 N acting towards 
North-Fast. 


Nortt-Fast 


ZB Terms Associated With Motion | 
QS. (a) What is position? How it can be explained by a simple example. 

(b) How will you differentiate between distance and displacement. 
Ans: (a) Position: 

Position means the location of a certain place or object from a reference point. 
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OR 
The term position describes the location of a place or a point with respect to some 
reference point called origin. 
Explanation: \f someone wants to describe the position 
of his/her school from home. 
Let the school be represented by S and home by FI as 
shown in the figure. 
The position of the school from home will be the 
distance and is represented by a straight line HS in the 


‘ . fs Figure 2.16: Position of the 
direction from H to S as shown in given figure. school S from the home H. 


(b) Differences between distance and displacement. 
Distance ° Displacement 
1. Length of a path between twojl. Displacement is the shortest distance: vetween 
points is called the distance] two points which has magnitude and direction. 
between those points. 


2. It can be found out by given|2. It can be found out by given formula 
formulaS =v xt d=vxt 

3. It is a scalar quantity because it}3. It is a vector quantity because it needs 
needs only magnitude to describe. 


4, Let S be the length of the curved/4. Given figure shows a body which moves from 
path between two points A and B} point A to point B in the curved path. Join 
on it. Then § is called the distance} points A and B by a straight line. The Line AB 
between points A and B, as shown| gives the shortest distance between point A 
in figure. and B, called displacement. It is represented by 

d. This shortest distance has magnitude (d) and 
direction from point A to B. 


Figure 2.17: Distance S$ (dotted 

line) and displacement d (nurmul 

line) from points A to B. line) snd displacenent d (normal 
Hoe) from points A to B. 


06. (a) What is speed? Give examples. Write formula and unit of speed. 
(b) Define variable and uniform speed. Also give examples. 

Ans: (a) Speed: The distance covered by an object in unit time is called its speed. 

Unit time: Unit time may be a second, an hour, a day or a year. 

Example No 1: Falcon can fly at a speed of 200 kmh-—1. 

Example No 2: Cheetah can run at a speed of 70 km het. 


+ 
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Formula: DO YOU KNOW? 
Speed can be found out by following formula. Which is the fastest animal 
- distance covered on the Earth? 
Speed = —————_—_ = 
lime taken 
s 


v=~ 
1 


in this formula S is the distance covered by the object, v is 

its speed and t is the time taken by it. 

Unit: SI unit of speed is metre per second (ms-)). 

Scalar quantity: Speed is « scalar quantity because it needs 
magnitude only to describe. 

(b) Variable speed: 

A body has variable speed if it covers equal distances in 
unequal intervals of time however short the interval may be. 
Example: Suppose a body covers 2km distance in half hour and 
again it covers 2km distance in one hour. It is clear, that this body 
covers equal distances in uncqual intervals of time so its speed is 
called variable speed. 

Uniform Speed: A body has uniform speed if it covers equal distances in equal intervals 
of time however short the interval may be. (OR) 

If the speed of the body does not vary and has the same value then the body is said 
to posses uniform speed. 

Example: Suppose a body covers 2km distance in half hour and again it, covers 2km 
distance in next half hour it is clear, that body covers equal distances in equal intervals of 
time so its speed is called uniform speed. 
Q7. (a) Define velocity and give examples. Write its formula and unit also. 

(6) How uniform and variable velocity can be defined? Give examples 
Ans: (a) Velocity: The rate of displacement of a body is called its velocity. 
Example: A body covers 2km distance towards north it is its velocity. 

The velocity tells us not only the speed of a body but also its direction of motion, 


: . t 
Formula: ee displacemen 


time taken 
d 


v=— 
t 


Here d is the displacement of the body moving with velocity v in time taken t. 
Unit: Si unit of velocity is the same as speed i.c. metre per second (ms-!). 
Vector quantity: Velocity is a vector quantity because it needs magnitude and direction 
for complete description. 
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Variable Velocity: A body has variable velocity if its speed or direction is changing. 
Example No 1: Suppose a car is moving on a linear road, DO YOU KNOW? 


it covers 2km distance in 20 minutes and again covers 3km ee 


distance in 20 minutes. The speed of the body varies 
therefore having variable velocity. 
Example No 2: A body is moving on a circular path has 
variable velocity. The body changes its direction 
constantly during the motion on a circular track during the 
motion on a circular track. 
Uniform velocity: A body has uniform velocity if it covers 
equal displacement in equal intervals of time however 
short the interval may be. 
(OR) 

If the speed and direction of a body does not change, 
then it posses uniform velccity. 
Example No 1: A paratrooper attains a uniform velocity 
also called terminal velocity with which it. comes to 
ground, 
Example No 2: Suppose a body covers 2km distance 
towards north in 10 minutes. It again covers 2km distance 
towards north in next 10 minutes. It is clear that the speed 
and direction of the body do not change so body has 
uniform velocity. 
Important Note: 

The uniform velocity of the body during any interval of time has the same 
magnitude and direction. 


Merck ed ey 


h it comes 1* ~-vund. 


taken by laser pulse to make a 
series of measurements of a 
vehicle's distance from the The 


UU Lee A sprinter completes its 100 metre race in 12 seconds. Find its 
average speed. 
Solution: Total distance = 100m 
Total time taken = |2s 
Totaldistancemoved 100m 


Averagespeed = 
Total time taken 12s 


=8.33ms" 


Thus the speed of the sprinter is 8.33 ms-!. 
A cyclist completes half round of a circular track of radius 318 m 
in 1.5 minutes. Find its speed and velocity. 


Solution: Radius of track r = 318m 
Time taken t = Imin. 30s = 90s 
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Distance covered = 1% x radius 


-— 3.14*x318m - 999m 


Displacement 2r 
= 2x318m “= 636m 
distance 
Speed ~ time 
999m 
Speed - 9p. = 11. ms~ 
displacement 636in 
Velocity= “Timetken ~ 903 ~ 707 me 


Thus speed of the cyclist is | 1.1 ms-! along the track and its} USEFUL INFORMATION: 
velocity is about 7.1 ms~! along the diameter AB of the track. | A¢celemion of a moving object 
SP LT AI EG, SANRIO SY 
Q8. (a) Define acceleration, give example, Write its\ire velocity is increasing. 
formula and unit. Acceleration of the object is 
(b) Define variable and uniform acceleration. opposite to the direction of 
velocity if its velocity is 
(c) Define positive and negative acceleration also) decreasteg, 
give examples. ; 
Ans: (a) Acceleration: Acceleration is defined as the rate o 
change of velocity of a body. 
Reason of acceleration: In muny cases the velocity of a body 
changes due to a change either in its magnitude or direction or 
both. The change in the velocity of a body causes acceleration 
in it. 
Example No 1: Acceleration of a moving object is in the 
direction of velocity if its velocity is increasing. 
Example No 2: Acceleration of the object is opposite to the 
direction of velocity if its velocity is decreasing. 
Formula: Acceleration can be found out by given formula. 
Changein velocity 


Acceleration = —-— 
time taken 
final velocity — initial veloci v.-Vv 
Acceleration = ib Bi sai ei eS = gu —t—i 
time taken t 


Here a is the acceleration, vj is the initial velocity, vr is the final velocity and ¢ is the 
time taken. 
Unit: Si unit of acceleration is metre per second per second or ms-?, 
(b) Variable acceleration: 

A body has variable acceleration if it has equal changes in velocity in unequal 
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intervals of time however short the interval may be. 
v,-¥ 
Explanation: In equation *~ ne. (a) is the average acceleration of a body during 
time t. However, if time is divided into many small intervals of time, then the rate of 
change of velocity during these intervals may not be same. Thus the acceleration of the 
body would be changing. 
Uniform acceleration: A body has uniform acceleration if it has equal changes in 
velocity in equal intervals of time however short the interval may be. 
Explanation: The acccleration would remain uniform if the rate of change of velocity 
during time intervals is constant. 
(c) Positive acceleration: 
Acceleration of a body is positive if its velocity increases with time. 
The direction of this acceleration is the same in which the body is moving without 
change in its direction. 
Example: If a car is moving in a straight line and driver presses accelerator the velocity 
of the car will start increase having positive acceleration. 
Negative Acceleration: 
Acceleration of a body is negative if velocity of the body decreases. 
The direction of negative acceleration is opposite to the direction in which body is 
moving. 
"Negative acceleration is also called deceleration or retardation.” 
Example: If a car is moving in a straight line and the driver applies brakes, the velocity 
will start to decrease. So, acceleration will be negative and will opposite to the direction. 
A car starts from rest. Its velocity becomes 20 ms! in 8 s. Find its 
acceleration, 
Solution: Initial velocity yj = Oms~! 
Final velocity vy = 20ms~! 
‘Time taken t = 8s 
vy, =, 
t 
hs 20ms '-Oms"' 
8s . 
thus the acceleration of the car is 2,5 ms~2, 
Find the retardation produced when a car moving at a velocity of 
30 ms-! slows down uniformly to 15 ms—! in Ss. 
Solution: Initial velocity vj; = 30 ms"! 
Final velocity ve = 15 ms 
Change of velocity = vr— vj 
= [5 ms-)-30 ms-! = -15 ms“! 


== 


or a =2.5 ms 
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Time taken t = 5s 
a=? 
change in velocity 
time interval 


as acceleration a 


1Sms ° 
or a= $5 = Ims 2 


Since negative acceleration is called as deceleration. Thus deceleration of the car is 


3 ms~. 
BAB Graphical analysis of motion 


Q9. Define following. 


Graph, Variables, Independent variable, DD YOU KNOW? 
; A graph may also be used in every 
Dependent variable. dup itso Jaane poss-sten quenthideciion 


Ans: Graph: of export, menth-wise rainfall, a pationt's 

Graph is a pictorial way of presenting information, temperature record or score of @ team in 
about the relation between various quantities. acrickel match and so on. 
Variables: i cies 

The quantities between which a graph is plotted 
are called variables. 
Independent Variables: 

A quantity which we can change with our wishes 
is called independent variable. 
Dependent Variables: 

The quantity which changes duc to change in 
independent variable is called dependent variables. 

(OR) i 

The quantity whose value varies with the] | guns sonred by acricket loan 
independent quantity. 
Q10. (a) How distance - time graph is plotted? For what purpose it is used? 

(b) Plot distance-time graph when the object is at rest, plot distance-lime 

graph when the object is moving with constant speed. 

Ans: (a) Distance-time graph: 

It is useful to represent the motion of objects using graphs. 
Distance and displacement: The terms distance and displacement are used 
interchangeably when the motion is in a straight line. 
Speed and velocity: 


If the motion is in a straight line then speed and velocity are used interchangeably. 
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The axis of time: 

In the distance - time graph, time is taken along horizontal axis. 

Axis of distance: In the distance - time graph vertica 
axis shows the distance covered by the object. 
(b) Distance-time graph when object is at rest: 

In the graph as shown in the given figure the 
distance moved by the object with time is Zero. That 
is, the object is at rest. 
Speed of the object: A horizontal line parallel to 
time axis on a distance - time graph shows that speed Figure 2.18: ell ieee 
of the object is zero. the object is at rest 
Distance-time graph when object is moving 
with constant speed: 

The speed of an object is said to be constant 
if it covers equal distances in equal intervals of 
time. 

Shape of graph: The distance-time graph as 
shown in the given figure is a straight line. 


HY Hy i 
Speed of the object: The slope of the graph gives 20 
the speed of the object. Figure 2.19: Distance-time graph showing 
Consider two points A and B on the graph: constant speed. 
Speed of the object = Slope of line AB. 
Speed of object = cance EF 


time CD 
20 -1 
Speed of the object = To 2ms 
The speed found from the graph is 2ms-!, 

Q11. Plot the distance time graph when the object is moving with variable speed. 
Also find out its speed at any instant. 

Ans: When an object does not cover equal distances i 
equal intervals of time then its speed is not 
constant. 

Shape of graph: In this case the distance-time graph is 

not 4 straight line as shown in the given figure. 

Determination of slope: The slope of the curve at an 

point can be found from the slope of the tangent at that 

point. 
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For example: RS 
Slope of the tangent at P = Qs 
Value of speed at point P: 
: 30m 
Speed = 7p, = 3mst. 
The speed of the object at P is 3 ms |. 
Relation of speed and slope: 
= The speed is higher at instants when slope is greater. 
=> _ The speed is zero at instants when slope is horizontul. 
Given Figure shows the distance-time graph of a moving car. 
From the graph, find 
(a) the distance car has travelled. 
(b) the speed during the first five seconds. 
(c) average speed of the car. 
(d) speed during the last 5 seconds. 


Solution: 
(a) Total distance travelled = 40m 
(b) Distance travelled during first 5 s is 35 m 


35m 
Speed = "he 
Speed = 7ms-'! 
40m 
(c) Average speed = 10s 
Average speed = 4ms! 
(d) Distance moved during the last Ss = 5m 
5m 
S =— 
8 Ss 
Speed = Ims'! 


Q12.What is speed-time graph? Plot the graph when object is moving with 
constant speed and also plot a graph when object is moving with uniformly 
changing speed. 

Ans: Speed - time graph: 

In a speed-time graph, time is taken along x-axis and speed is taken along y-axis. 

Object moving with constant speed: A straight line graph which will parallel to time 
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axis represents constant speed of the object. 
Explanation: 
When the speed of the object is constant (4m/s) with 
time, then the speed- time graph will be a horizontal line 
parallel to time-axis along x-axis as shown in figure. 
Object moving with uniformly changing speed 
(uniform acceleration): 

Let the speed of an object be changing uniformly. 
In such a case speed is changing at constant rate. 
Shape of the graph: 

In this case the shape of the graph would be a 
straight line such as shown in the given figure. 
Meaning of straight line: 

A straight line means that the object is moving with 
uniform acceleration. 


Slope of the graph: ait 
Slope of the line in the graph gives the magnitude | Figure 2.23: Graph of an object 
of its acceleration. moving with uniform acceleration. 


Find the acceleration from speed-time graph shown in given figure. 
Solution: On the graph in given figure point A gives 
speed of the object as 2 ms-! after 5 s. And point B 
gives speed of the object aS ms~! afler 10 s. 

as acceleration = slope of AB 

Where slope = change in velocity/time interval 


’ 4ms™' —2ms"' 
~ acceleration = “9 5, 
. 2ms ' ~Qime? Figure 2.23; Graph of an abject 
acceleration ~ oo sin moving with uniform acceleration. 


Speed-time graph in figure 2.23 gives acceleration of the object as 0.4 ms-?. 
EXAMPLE 2.8 


Find the acceleration from speed-time graph shown in given figure. 
Solution: 

The graph in given figure shows that the speed of the object is decreasing with 
time. The speed is 4 ms-! after 5 s and becomes 2 ms~! after 10 s. 
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as acceleration = slopeofCD 
2ms' -4ms* 
acceleration = <= ae 
2ms ' 
acceleration =~ 5s 
= —).4ms? 
Ss -time graph in given figure gives negativa Figure 2.24 Graph of an object 
slope. a the ‘sina fa saitiadion ee ey iit 


Q13.How distance travelled by a moving object can be found out in a speed-time 
graph, 


Ans: The area under a specd-time graph represents the distance travelled by the object. 


Fane 2.23 Gogh of ojo 
hewn 222: seeniies graph oe eplee a i 2.14: ll ies object 


Distance in the case of uniform motion: If the motion is uniform then the area can be 
calculated using appropriate formula for geometrical shapes represented by the graph. 


eee ee, A car moves in a straight line. The | vims"') 


Sigure. 

From the graph, find 
(a) Its acceleration during the first 10 seconds. 
(b) Its deceleration during the last 2 seconds. 
(c) Total distance travelled. 


Figure 2.25: eta graph of 
(d) Average speed of the car during its journey. 2 car during 30 seconds. 
Solution: 

{a) Acceleration during the first 10 seconds: 
changein velocity 


time taken 


Acceleration 


16ms" —Oms~ 
10s 
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a = 1.6ms2 
(b) Acceleration during the last 2 seconds: 
: Oms '-16ms"! 
Acceleration = —— a= -8 ms 


(c) Total distance travelled: 
distance = area under the graph (trapezium OABC) 


S = 5 (sum of parallel sides) « height 
Ss = = (18s +30) (16 mst) 
l 
Ss = 3 (48s) x (16 ms 3) 
S = 384m 
‘Total distance covered 384m 

d) Average s eee eee ae cada “a 
” wale Time taken 30s 


Average speed= 12.8 ms~! 


BAB = Equations of Motion 


Q14. What are the types of equations of motion? What information these 
equations give? 

Ans: There are three basic equations of motion for bodies 
moving with uniform acceleration. Lip so once et ores we eres 


4 Cisnin in 
@ ve = ytat Gi) S =vat 5 at’ a were 
(iii) 24S = ve-v¥? 0 ap Sa AES ie ra 


(1) These equations relates initial velocity, fina 
velocity, acceleration, time and distance covered b 


the moving body. ’ 
2.16: Speed-time graph, Area 
(2) To simplify the derivation of these equations. It ig Was teuhuecte beans 
assumed that the motion is along a straight line. covered by the body. 
(3) Only magnitude of displacements, velocities and acceleration are considered in 
these equations. 


Graphical explanation: Consider a body moving with initial velocity (v;) in a straight 

line with uniform acceleration a. its velocity (v;)becomes (v¢) after time t. The motion of 

body is described by speed-time graph as shown in given figure by line AB. 

QI5. How equations of motion can be proved with the help of speed-time graph. 
Prove all equations. 

Ans: First equation of motion: Suppose a body is moving with initial velocity (v;), After ° 

time ({) its velocity will becomes (vp). The acceleration of the body is represented by (a.) 
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Speed-time graph: in speed-time graph motion of the 


body is shown in figure. i 
Slope of the line AB gives the acceleration (a) of j e— ae a 
the body. Skt 
Slope of line AB =a 
_BC_ BD-CD 
“AC OD 


It is clear from the figure. 
BD =v, = Final velocity 
CD =v, = Initial velocity 
OD=t = time 

So by putting all values 


Vv, -V; 
a= cu Sea 
t 
at = vr — Vj 
at>+vi=Vvr 


First equation of motion gives the relation between 
final velocity, initial velocity, acceleration and time. 
Second equation of motion: Suppose a body is moving 
with initial velocity (vj) after time (t) its velocity will be 
(vy). the distance covered by the body is S. The 
acceleration of the body is represented by a. 
Speed-time graph: tn speed-time graph, the total 

; $ Area 
distance S travelled by the body is equal to area OABD Be serig com goad 5.9 distance 


under the graph as shown in figure. covered by the body. 
‘Total distance § = area of (rectangle OACD + triangle ABC) 
Area of rectangle OACD= OA x OD 
mei fed 


l 
Area of the triangle ABC = 3 (AC * BC) 


l 
= Vee 
2 
; l 
Area of the triangle “2 


Since total area of OABD = area of rectangle OACD + Area of triangle ABC. 
By putting values in the above equation we get; 


l 
S=vit+ > at 


‘Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 60 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9" CLASS (PUNJAB) 


SSSSSSSsSSSSSSSSSSSSSSSSSSSSSESSSESSSESSSSSSSSSSSSSeseseeeeeqeoeceoa 

So. second equation of motion has proved and shows the relationship of distance, 

initial velocity, time and acceleration. 

Third equation of motion: Suppose a body is moving with initial velocity (vj) after time 

(t) its final velocity will be v¢ The distance covered by the body is (S) The acceleration 

of the body is represented by (a). 

Speed-lime graph: in speed-time graph as shown in the figure, the total distance S 

travelled by the body is given by the total area OABD under the graph. 


OA + BD 
TotalareaOABD = S$ = —z—*xOD 
or 28 = (OA+BD)*x OD. 


BC 


BC 
Multiply both sides by Op: We Bet: & = a] 


25x BC = (OA+BD “ees 
ao nes OD 
BC 
Sxop = (OA+BD)*x BC (I) 
Putting the values in the above equation (1) 


We get; 
28 X a= (ve+ vj) X (ve~ Vi) 
According to formula: 
(a > b) (a—b) = (a? — b*) 


A car travelling at 10 ms~! accelerates uniformly at 2ms~2. 
Calculate its velocity after 5 s. 


Solution: vy, = LOms-t 
a = 2ms? 
t\ = $s 
ie 
Using the Ist equation of motion we get; 
y, = vy+tat 
vy = LOms-! + 2ms-!xSs 


or vy = 20ms"! 
The velocity of the car after 5 s is 20 ms-!. 
Lae A train slows down from 80 kmh-! with a uniform retardation of 
2 ms-?. How long will it take to attain a speed of 20kmh-—!? 
Solution: vy; = 80kmh-! 
80x 1000m 


60x60s 22.2 ms-! 
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vy = 20kmh-! 
20x1000m USEFUL INFORMATION 
~ 60x 60s @ To convert ms~! to kmh~-! 
lms = 0.001 kmx3600h 
= j 
ws - nc = 3.6 kmb-'! 
. Thus multiply speed in ms~! by 3.6 to 
—— get speed in kmh! e.g., 
Using first equation of motion, we get; 20ms = 20x36 kmh 
Vy = Val = 72 bnh- 
Vv, -Vv @ Toconvert kmh-! to ms 
or t= : Ykmh~ 1000m a) 
x r 60x80s 36 
5.6(ms~')—22.2(ms™') Thus multiply speed in kmh~! by 
or t=83s 


Thus the train will take 8.3 to attain the required speed. 


BRITA A bicycle accelerates at | ms-2 
from an initial velocity of 4 ms~! for 10 s. 


Y 
Find the distance moved by it during this |® 10 convert ms~? to kmb-! 
Multiply acceleration in ms~? by 


‘ interval of time. {(3600x3600}/1000} =12960 to get its 
olution: y = 4ms-! velve ja knit. 

a = Ims-2 @ Toconvert kmh~? to ms~2 

t = 10s Divide acceleration in kmh-2 by 12960 


to get its value in ms~2, 


§ =? 
By using second equation of motion. we get: 
S = vit+ Y%ar 
S = 4ms-! x 10s+%*x 1 ms? x (10s) 
or S =40m+50m=%90m 
Thus, the bicycle will move 90 metres in 10 seconds. 

A car travels with a velocity of 5 ms-!. It then accelerates 
uniformly and travels a distance of 50m. If the velocity reached is 15ms-'. 
Find the acceleration and the time to travel this distance. 

Solution: vy; = Sms-! 

S = 50m 

ve = 1Sms-! 
a=? 

{ = 7% 

Putting values in the third equation of motion, we get 
2aS = we Vj 
2a*50m =(15ms°!)2—(Sms-!)2 
(100 m)a = (225 —25) m2s-2 
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200m°s ? 
100m 
or a = 2ms? 
Using first equation of motion to find t, we get 
vy = vi + at 
1Sms°! = Sms-!+2ms-2 xt 
ISms |! Sms! 2ms~2 xt 
or 2ms?2xt = 10 ms! 


th 


or 


time = 55s 
Thus the acceleration of ‘he car is 2 ms? and it takes 5 seconds to travel 50 m 


distance. 
Motion of freely falling bodies 


Q16. What do you know about the motion of freely falling bodies? Also define 
gravitational acceleration. 

Ans: Contribution 01 Galileo: Galileo was the first scientist who, notice that all the freely 

falling objects have the same acceleration, independent of their masses. 

Galileo's Experiment: Galileo dropped various objects of different| i 

masses from the leaning tower of pisa, 

He found all of them reach the ground at the same time. ae 
Gravitational acceleration: ‘The acceleration of a freely falling 
bodies is called gravitational acceleration. It is denoted by g. 
Value of g: ‘ 

On the surface of the Earth, the value of g is approximately) @ 
10ms-2. . 
= For bodies falling freely g is positive. 
=> For bodies, moving up g is negative. 
A stone is dropped from the top of a tower. The stone hits the 

ground after 5 seconds. Find: 

(a) the height of the tower. 

(b) the velocity with which the stone hits th EQUATIONS OF MOTION FOR 


ground. BODIES MOVING UNDER GRAVITY 
Solution: Initial velocity vj = 0 % =¥+gt 
itati i = —2 l 
Grav itational acceleration g = 10ms h =vt+—gt? 
$ in : © 
Ss *h=? a 
ve 7? ah =~, 
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(a) Applying the equation: (b) Applying the equation: 
h =vjt+ 4gt", weget ve —V = 2gh 
h =0x55s+%* 10 ms 2x (55)2 ve —(07 = 2* 10 ms 2x 125m 
or h =0+125m ve = 2500 m2s-2 
h = 125m “ Ve = $0ms-1 
Thus the height of the tower is 125 metres and it will hit the ground with a speed of 
50 ms-!. 
A boy throws a ball vertically up. It returns to the ground after 5 
seconds, Find 


(a) the maximum height reached by the ball. 
(b) the velocity with which the ball . thrown up. 
Solution: Initial velocity (upward) y= 
Gravitational acceleration g = | 0 ms2 
Time for up and down motionty = 5 
Velocity at maximum height v; = 0 
S =h =? 
As the acceleration due to gravity is uniform, hence the time taken by the ball to go 
up will be equal to the time taken to come down = 4 ty 


or t = %*5s=255 
(b) applying the Ist equation of motion we get: 
Ve = Vt gt 
0 = v,-10ms?x2.5s 
= v,—-25 ms"! 


a iii 25ms-! 
(a) Aniitie the 2nd equation of motion we get; 
h = Vit+%g?r 
h = 25 ms-! x 2.5 s— i0ms-2 x (2.5sP 
or h = 62.5m—-—31.25m=31.25m 
Thus 
The ball was thrown up with a speed of 25 ms-!, and the maximum height the ball 
has reached is 31.25 m. 
SUMMARY 
© A body is said to be at rest, if it does not change its position with respect to its 
surroundings. 
© A body is said to be in motion, if it changes its position with respect to its 
surroundings. 
@ Rest and motion are always relative. There is no such thing as absolute rest or 
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absolute motion. 
® Motion can be divided into the following three type. 
@ = Transiatory motion. In which a body moves without any rotation. 
@ Rotatory motion. In which a body spins about its axis. 
@ Vibratory motion. In which a body moves to and fro about its mean position. 
® Physical quantities which are completely described by their magnitude only are 
known as scalars. 
@ Physical quantities which are described by their magnitude and direction are called 
vectors. 
Position means the location of a certain place or object from a reference point. 
The shortest distance between two points is called the displacement. 
The distance travelled in any direction by a body in unit time is called speed. 
If the speed of a body does not change with time then its speed is uniform. 
Average speed of a body is the ratio of the total distance covered to the total time 
taken, 
@ We define velocity as rate of change of displacement or speed in a specific 
direction. 
@ Average velocity of a body is defined as the ratio of its net displacement to the total 
time. 
@ fa body covers equal displacements in equal intervals of time, however small the 
interval may be, then its velocity is said to be uniform. 
© The rate of change of velocity of a body is called acceleration. 
@ A body has uniform acceleration if it has equal changes in its velocity in equal 
intervals of time, however small the intervals may be. 
@ Graph is a pictorial way of describing information as to how various quantities are 
related to each other. 
@ Slope of the distance - time graph gives the speed of the body. 
@ Distance - time graphs provide useful information about the motion of an object. 
Slope of the displacement-time graph gives the velocity of the body. 
© Distance covered by a body is equal to area under speed-time graph. 
@ Speed-time graph is also useful for studying motion along a straight line. 
© The distance travelled by a body can also be found from the area under a velocity - 
time graph if the motion is along a straight line. 
@ Equations of motion for uniformly accelerated motion are: 
e vr =v,+at 


i 


\ 
© 8 =vi+~ @& 
"3 


@ 2a = vF-v? 
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@ When a body is dropped freely it falls down with an accelesation towards Earth. 
This acceleration is called acceleration due to gravity and is denoted by g. The 
numerical value of g is approximately 10 ms~2 near the surface of the Earth. 


2.1 Encircle the correct answer from the given choices. 
(i) A body has translatory motion if it moves along a: 
(a) Straight line (b) circle (c) Line without rotation (d) curved path 
(ii) The motion of a body about an axis is called: 
(a) circular motion (b) rotatory motion (c) vibratory motion(d)random motion 
(iii) Which of the following is a vector quantity? 
(a) speed (b) distance (c) displacement (d) power 
(iv) If an object is moving with constant speed then its distance-time graph will be 
a straight line: 


(a) along time-axis (b) along distance-axis 
(c) parallel to time-axis (d) inclined to time-axis 
(v) A straight line parallel to time axis on a distance-time graph tells that the 
object is: 
(a) moving with constant speed (b) at rest 
(c) moving with variable speed (d) in motion 


(vi) The speed-time graph of a car is shown in the| Wins’) 
figure, which of the following statement is true? 
(a) car has an acceleration of 1.5 ms~2 
(b) car has constant speed of 7.5 ms“! 
(c) distance travelled by the car is 75 m 
(d) average speed of the car is 15 ms~! 

(vii) Which one of the following graphs is representing uniform acceleration? 


d d v v. 
f- © | eo Pho ‘ 


(viii) By dividing displacement of a moving body with time, we obtain: 


(a) speed (b) acceleration (c) velocity (d) deceleration 
{ix) A ball is thrown vertically upward, Its yelocity at the highest point is: 

(a) -10ms-1 (b) zero (c) 10ms-2 (d) None of these 
{x) A change in position is called: 

(a) speed (b) velocity (c) displacement (d) distance 
(xi) A train is moving at a speed of 36 kmh~!. Its speed expressed in ms~ is: 

(a) 10 ms! (b) 20 ms-! (c) 25 ms-! (d) 30 ms~! 
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(xii) A car starts from rest. It acquires a speed of 25 ms~! after 20 s. The distance 
moved by the car during this time is: 


(a) 31.25m (b) 250m (c) 500m (d) 5000 m 
Ans: (i) Line without rotation (ii) rotatory motion (iii) displacement 
(iv) parallel to time-axis (v) moving with constant speed 
d 
(vi) car has an acceleration of 1.5 ms~? (vii) (viii) velocity 
L t 
(ix) zero (x) distance (xi) 10 ms-! (xii) 250 m 
2.2 Explain translatory motion and give examples of various types of translatory 
motion. 


Ans: Translatory motion: The motion in which a body moves along a line without any 

rotation. is called translatory motion, 

In translatory motion the line may be straight or curved, 
Types of translatory motion: There are three types of translatory motion. 

(a) Circular motion (b) Linear motion (c) Random motion 
(a) Circular motion: 

The motion of an object in a circular path is known as circular motion. 
Examples: (i) A bicycle or a car moving along a circular track. 

{ii) The riders in a moving ferris wheel have circular motion. 

(b) Linear motion: 

Straight line motion of a body is known as its linear motion. 
Examples: (i) Aeroplane flying straight in air is an example of linear motion 

(ii) Objects falling vertically down is an example of lincar motion 

(c) Random motion: 

The disordered or irregular motion of an object is called random motion. 

Examples: 

(i) Motion of insects and birds is random motion. 

(ii) The motion of dust or smoke particles in the air is random motion. 
2.3 Differentiate between the following: 
(i) Rest and motion. (ii) Circular motion and rotatory motion. 
(iii) Distance and displacement (iv) Speed and velocity. 
(v) Linear and random motion. (vi) Scalars and vectors 


Motion 
=> A body is said ta be at rest, if it docs not|=> A body is said to be in motion, if it 


change its position with respect to its] changes its position with respect to its 
surroundings. surroundings. 
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=> Trees around the bank of the road are inj|=> A moving bus on the road is in a state o 
rest position. motion. 


Circular Motion Rotatory Motion 
> ‘The motion of an object in a circularj=> The spinning motion of a body about it 
path is Known as circular motion, axis is called its rotatory motion, 
=> Motion of the earth around the sun and|=> The motion of the Earth about its own 
motion of the moon around the earth are} axis is rotatory motion. 
éxamples of circular motion. The type of motion of a bicycle wheel 
about its axis is also rotatory motio 
Distance Displacement 
= Length of a path between two points is|—> Displacement is the shortest distance, 
called the distance between those points.| between two points which has 
magnitude and direction. 
=> Distance is a scalar quantity because it|—> Displacement is a vector quantity 
can be completely described with the} because it can be completely described 
help of magnitude only. with the help of magnitude and 
direction. 
=> The value of distance can be found out|=> The value of displacement can be 
by ziven formula. derived by given formula, 
S7v*t. d=vxt 
= In the given figure the distance isi=> In the given figure the displacement is 
represented by y. represented by x. 
¥ 


Speed Velocity 
= The distance covered by an object inj=> The rate of displacement of a body is 
unit time is called its speed. called its velocity. 
= Speed can be calculated by given{= Velocity can be calculated by given 
tormula. formula. 


Speed = erence covered Velocity: © 
time time taken 
=> Speed is a scalar quantity. Because itl Velocity is a vector quantity. Because it 
can be described completely by aj can be described completely by a 
magnitude only. magnitude and direction. 
=> A man covers 20m distance in 5 sec, Its]=> A man covers 20m distance in 5 sec 
speed is 4ms-!. towards North. Its velocity is 4ms-! 
towards north, 


displacement 
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Linear motion Random motion 
=> Straight line motion of a body is known|=> The disordered or irregular motion of an 
as its linear motion. object is called random motion. 
=> Acroplanes flying straight in air andj=> The motion of dust or smoke particles i 
objects falling vertically down are the] _ the air is the example of random motion, 
examples of linear motion. 


Scalars Vectors 


= A scalar is described completely by its|=> A vector is described completely by 
magnitude only, magnitude and direction, 

=> Mass, length, time, speed, volume, work|-> Velocity, displacement, force, 
and energy are some examples off momentum and torque are some 


scalars. examples of vectors. 
2.4 Define the terms speed, velocity and acceleration. 
Ans: Speed: 


= The distance covered by an object in unit time is called speed, 


=> Speed can be calculated as Y= : 
=> Unit of speed is metre per second (ms '). 
=> Itisa scalar quantity. 
Acceleration: 
=> Acceleration is defined as the rate of change of velocity of a body. 
=> Acceleration can be calculated as. 
Acceleration = Ceager in velocity in welocily 

time taken 
= Unit of acceleration is metre per second per second (ms-2). 
=  Itisa vector quantity. 
Velocity: 


=  Therate of displacement of a body is called its velocity. 


=> Velocity can be calculatedas ¥ = - 

+—> Unit of velocity is metre per second (ms-!) 
=>  Itisa vector quantity, 
2.5 Cana body moving at a constant speed have acceleration? ai 
ANS: Yes a body moving at a constant speed have acceleration if it changes its direction i 
1 or moving in a circular path, 
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2.6 How do riders in a Ferris wheel possess translatory mation but not rotatory 
motion? 

Ans: tn circular motion the point about which a body goes around, is outside the body. In 
rotatory motion the line about which a body moves is passing through the body 
itself, 

Riders in a ferris wheel have rotatory motion because the axis about which a rider 
moves is passing through the rider itself. 

2.7 Sketch a distance-time graph for a body starting from rest. How will you 
determine the speed of a body from this graph? 

Ans: Object is moving with constant speed. 
The speed of an object is said to be constant | 40 peter teers : 

if it covers equal distances in equal intervals of 

time. The distance-time graph as shown in figure |" 

2.19 is a straight line. It slope gives the speed of 

the object. Consider two points A and B on the 

graph: 
Speed of the object = Slope of line AB. 


5 1D 1§ 20 


; distance EF ae. 
Speed of object =—————— Figure 2.19: Distence-time graph 
iii timeCD showing constant speed. 


; 20 {i 
Speed of the object = To 2ms 
The speed found trom the graph is 2ms~!, 
2.8 What would be the shape of a speed - time 


graph of a body moving with variable speed? 
Ans: When a body is moving with variable speed, the 
shape of its speed-time greph is not a straight line. 


5 40 
Figure 2.20: Distance-time graph 
showing variable speed. 
2.9 Which of the following cen be obtained from speed-time graph of a body? 
; (i) Initial speed. (ii) Final speed. 
(iii) Distance covered in timet. (iv) Acceleration of motion. 


Ans: All the given factors can bz obtained from speed-time graph of a moving body. 


2.10 How can vector quantities be represented graphically? 
Ans; Graphically a vector can be represented by a line segment with an arrow head. In 
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the given figure the line AB with arrowhead at B 
represents a vector V. 


The length of the line AB gives the magnitude of the A Vv 
vector v on a Selected scale, Graphical representation of 
While the direction of the line from A to B gives the a vector ¥, 


direction of the vector V. 

2.11 Why vector quantities cannot be added and subtracted like scalar quantities? 

Ans: Scalars quantities are the quantities which can be described completely by 
magnitude while vectors quantities need direction and magnitude for their complete 
description. 

The quantities having direction cannot be added and subtracted like scalar 
quantities. 

2.12 How are vector quantities important to us in our daily life? 

Ans: Vector quantities are important lo us in our daily life because a vector can be 
described completely by magnitude along with its direction, Examples of vectors 
are velocity, displacement, force, momentum, lorgue, etc, It would be meaningless 
to describe vectors without direction, For example, distance of a place from 
reference point is insufficient to locate that place. The direction of that place from 
reference point is also necessary to locate it. 

2.13 Derive equations of motion for uniformly accelerated rectilinear motion. 

Ans: See question # 15. 

2.14 Sketch a velocity - time graph for the motion of the body. From the graph 
explaining each step, caleulate total distance covered by the body. 

Ans: Sce question # 12 & 13. 

SOLVED PROBLEMS 


2.1 A train moves with a uniform velocity of 36 kmh-! for 10s. Find the 


distance travelled by it. 
Data: Uniform velocity = v= 36 kmh-! 
_ 36x1000 _ 360 
60x60 36 


Uniform Velocity =v,= 10ms"! 
Time = t= 10sec. 
Required: Distance = ? 
Formula: S = v,, xt 
Solution: By Putting values in the given equation, value of distance (S) can be obtained. 
S=10x 10 
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Answer: The required distance (S) of the train is 100m, 
2.2 A train starts from rest. It moves through | km in 100 s with uniform 
acceleration. What will be its speed at the end of 100 s. 

Data: Initial Velocity = vj = Oms-! 

Distance covered = $= | km 

$= 1 1000m = 1000m 

Time = t = 100 sec 
Required: Final velocity = vr =? 
Formula: vy = v; + al 
Solution: The value of final velocity can be found out as; 


1 
S = vt+ — at 
; ¥ 


By putting all values, we get. 


| 
1000 = (0) + 5 (a) (100 
] 
1000 = 04 > (a) (10000) 
1000 = a(5000) 
1000 
5000 * 


As we know that: 
Vr= Vj al 

By putting all values, we get: 
ve= (0) + (0.2) (100) 
vp =0+ 20 


Answer: The required speed of the train at the end is 20ms~!. 
2.3 A car has a velocity of 10 ms-!. It accelerates at 0.2 ms-? for half minute. 
Find the distance travelled during this time and the final velocity of the car. 


Data: Initial velocity = vj = 10 ms~! 
Time = t = half minutes. 

Time = t = 30 sec. 

' Acceleration = a= 0.2ms 2 
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Required: Distance covered by the body = S = ? 
Final velocity = vp= 7? 
] 
Formulas: S=vitt 3 at? 
Ve= Vv, + al 
Solution: According to the second equation of motion we know, 
l 
S=vit+ — at? 
- 2 


By Putting the all values, we get; 
| 


S = (10) (30) + 5 (0.2) (30) 
] 
S = 300+ 3 (0.2) (900)? 


| 
S$ = 300 + 5 (180) 


S = 300 + 90 


The value of final velocity can be found out as; 


Ve = vt at 
ve = 10+ (0.2) (30) 
ees 10 +6 


Answers: The required distance travelled by the car is 390m. 
The required final velocity of the car is 16 ms-!. 

2.4 A tennis ball is hit vertically upward with a velocity of 30 ms-!. It takes 3 s 
to reach the highest point. Calculate the maximum height reached by the 
ball. How long it will take to return to ground? 

Data: Initial velocity = v; = 30ms-! 

Gravitational acceleration = g = —1 Oms-2 
Time ={ = 3s 
Required: Height = h =? 
Time taken by ball to come on the Earth = t = ? 
Formula: 
h=v,t+ 2 gt? 
Solution: The maximum height of the ball can be found out by following way: 
‘The value of gravitational acceleration will be negative because it is moving upward. 


1 
h = (30 ms-!) (3s)+ 2 (-10) (3s)? 
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l 
h = 90+ 5 (-10)(9) 
h = 90-45 


The time which is taken by the ball to come on the ground. 
Data can be written in this case as, 


Initial velocity = V; = Oms"! 
Gravitational acceleration = g = 10ms-2 
Time = = ? 
Distance = height = h=45m 


As we know from second ¢quation of motion: 
] 
h = vit+ = at 
vj 5] a 
By putting values, we get. 
l 
4Sm= (0)(t)+ 3 (10) (#) 


45m= 0+5P 
45 
— — tr 


bs) 
t »w29 
By taking under root on both side. 


J? =V9 


lotal time taken by the | Time which is taken by the ball Time which is taken by 
ball to come on ground = to reach at maximum height * the ball to come on ground 
t = 3s + 3s 


Answer: The required height reached by the ball is 45m. 
The time taken by the ball to return to ground is 6s. 
2.5 Acar moves with uniform velocity of 40 ms-! for 5 s. It comes to rest in the 
next 10s with uniform deceleration. Find (i) deceleration; 
(ii) total distance travelled by the car. 
Data: Time =1t = 10sec 
Initial velocity = vj = 40ms~! 
Final velocity = vy= Oms-! 
Required: Deceleration = ? 
Total distance covered by car = ? 
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Formulas: vy = yj + al 
S =vX*t 
Solution: The value of final velocity can be found as. 
vr = vi + al 
0 = 40+(a)(10) 
0 = 40+10a 
40 = 10a 
-40 
10 


In this case the covered distance can be derived as. 
Now distance travelled in Ist 5sec. 

S, =v * t=40 * 5= 200m 

And for next 10 sec, the distance travelled is 


v, = 40ms 
2aS = vi -—v? 2 {¥,=Oms ; 
a = -—4ms°* 
2(-4)S = 0 — 407 
—-8S, =-—1600 
S,; =200m 


Thus total distance covered: 
S=S, +S, =200 + 200 = 400 m 

2.6 A train starts from rest with an acceleration of 0.5 ms-?. Find its speed in 
Amh-!, when it has moved through 100 m. 

Data: Initial Velocity = vy, = Oms-! 


Acceleration = a = 0.5 ms2 
Distance = S = 100m 
Required: Final velocity = v= ? 


Vulue of velocity in kilometre per hour = ? 
Formula: 2aS = vf — v7? 
Solution: 
2 a$ = vi -v? 
2(0.5) (100) = vr — vj? 
100 = ve — (OF 


Vi00 = ive 


vy = 10ms-! 
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To convert the velocity into kilometer per hour it will be multiplied by 3600 and 


divided by 1000. 
so; Ve = 10ms”! 
os 2 10x 3600 
' 1000 
36000 
vy = 
1000 


ly, = 36 kmh j 

Answer: The final velocity in kilometre per hour is 36kmh-!. 

2.7 A train starting from rest, accelerates uniformly and attains a velocity 48 
km/h in 2 minutes. It iravels at this speed for $ minutes. Finally, it moves 
with uniform retardation and is stopped after 3 minutes. Find the total 
distance travelled by the train. 

Data: Part 
Initial velocity = yj = Oms~! 

Time = t = 2minutes. 

time = 20 x 60 = 120 seconds. 

Final velocity = vp= 48 kmh"! 

To convert kilometer per hour into metre per second it will se multiplied by 1000 

and divided by 3600. 


¥ 48 x 1000 
3600 
.- 
36 


¥, = 13.333 ms’ 


Required: Total distance covered ~ S; — ? 


Formula: S$; = Vy * t ——> () 


Ve +V, 
Solution: Y,, = or 
- 13.333+0 
as 2 


va¥ = 6.6665 ms”! 
S;= 6.6665*120 seconds. 


= sm 
Cem = 00 
m Part Il 


Data: Uniform velocity = vy = 13,333ms ! 
Time =i — 5 minutes = 5 * 60 - 300 seconds 


4 
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Required: Total covered distance = S = ? 


S) = vxXt 
Solution: By putting values we, get: 
S2 = = 13.333«300 
So = 799.98 metre 
S, = 4000 
Part Ill 
Data: Initial velocity = vj = 13.333ms-! 
Final velocity = v¢ = Oms-! 
Time = = 3Jminutes 
Time = = 3x60 = 180 seconds 
Required: Total covered ‘diem =S;=? 
Formula: S33 =Vay *t —— (2) 
% ¥¥; 
As weknow: = Vay sat 
0+13.333 


v,, = 6.6665ms | 


By putting the value Of v4, in equation (2); we get; 


S; = Vay *t 
= 6,6665x180 
S; =  1199.97m= 1200 
Total covered distance can be found out by the addition of S; , S2 and S3. 


So, 
Total covered distance = S = S; + Sp + S3 
S = 800+4000+ 1200 
[S = 600m 
Answer: Total distance travelled by the train is 6000m. 


2.8 A cricket ball is hit vertically upwards and returns to ground 6 § later. 
Calculate (i) maximum height reached by the ball; (ii) initial velocity of the 
bail 

Data: Final velocity = vp= Oms-! 

Gravitational acceleration = g = —10ms~2 
“ (Because the ball is moving in upward direction) 
Time taken by the ball returns to ground = 6sec 
Time taken by the ball to reach maximum height = S3 sec 
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Required: Maximum height = h =? 
Initial velocity > vj =? 
Formulas: y,; = vy, + gt 


2gh = wv 
Solution: 
By using the first equation of motion, the value of initial velocity can be found out: 
Ve = V; + at 
By putting values, we get. 
(0) = vy, +{-10) (3) 
0 = v,-30 
(#30 > ¥; 
By using the third equation of motion the value of maximum height can also be 
found out. 


2gh = Ve-vy 
By putting values, we get. 
2(-10)(h) = (0)-(GO¥ 


-20(h) = -900 
#900 
“#20. 
[h = 45m| 
Answer: @ The required initial velocity of the ball is 30ms~!. — 


@ The required maximum height reached by the ball is 45 m. 
2.9 When brakes are applied, the speed of a train decreases from 96 kmh- to 
48 kmh-! in 800 m. How much farther will the train move before coming 
to rest? (Assuming the retardation to be constant). 


_ 96 «1000 


Data: Initial velocity = vy, = 96knv/h = 26.66m"" 


48x1000 _ 1335 ' 
Pinal velocity = vy = 48km/h = “3699 — 


Distance covered= S = 800m 
Required: Distance the train will move before coming to rest = ? 
Formula: 2aS = vVi-v, 
Svlution: First of all we will find out the value of acceleration, which can be determined 
by, using first equation of motion. 
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Vr FV, + at 
=m = at 
Ve — Vy 
+2 — >.) 


For the calculation of (t), we use following equation. 


S = vav*t 
: [Se 
» 1S 
26.66 + 13.33 | 
goo - (268641329), 
800 = 19.995t, 
ty ie ee = 40.01 sec 
19.995 
By putting the value of (t) in equation (1), we get; 
2 = 
a 13.33- 26.26 _ 9 333m52 


40.01 
Negative sign shows the velocity of the body is decreasing. 
So the distance covered by the train before coming to rest can be found out as. 


> , 
2aS = Ve Vs 


By putting values, we get; 
2(-0.333)S = -(13.33¥ 
177.69 
2x 0.333 e 


S = 266.80 m 


Answer: The required distance will the train move before coming to rest is 266.80m. 
2.10 In the above problem, jind the time taken by the train to stop after the 
application of bakes. 
Data: Initial velocity =vy = 9%6kmh! 
a 96 1000 
, 3600 
Final velocity = ve =0 
Acceleration =a =-—0,333 ms? 
time =t =? =o 


= 26.66ms | 
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By using !* equation of motion. 
Y= Ue 
Vv, —-V, 
t 
By putting the values 
0 — 26.66 


~ 9,333 
t = 80sec 


Thus, the total time to stop the train is 80 sec. 


t = 


OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 
PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 
(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 


RAWALPINDI, D.G. KHAN And BAHAWALPUR) 


__Rest and motion + Types of motion 
Scalars and Vectors 


*% Tick the correct answer. 


1, The motion of body aboat an axis is called: (Lue G1, GK Gi, ¥BD. Gi, SGD. GI, MLN. GD 
(A) Circular motion (B) Rotatory motion 
(C) Vibratory motion (D) Random motion 

2. Brownian motion is an example of: (GRW. Gl, SWL. GI) 


(A) random motion (B) linearmotion (C) circular motion (D)vibratory motion 
3. The to and fro motion of a body about its mean position is called: «crw. cia cu 
(A) circular motion (B) random motion (C) rotatory motion(D)vibratory motion 


4.  See-Saw is an example of: (RWP. GI) 
(A) Translatory motion (B) Linear motion 
(C) Random motion (D) Vibratory motion 

5. The motion of body in straight line is: (LHR. GID) 
(A) Random motion (B) Circular motion 
(C) Linear motion (D) Translatory motion 

6. The motion of insects is called: (GRW. GI) 


' (A) random motion (B) circular motion (C) rotatory motion (D)vibratory motion 


1. Rotatory motion 2. random motion 3. vibratory motion 
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4. Vibratory motion 45. Linear motion 6. random motion 
%x Give short answer to the following questions. 
1. What is meant by Kinematics? (GRW, Gil) 
Ans. Kinematics is the study of motion of an object without discussing the cause of 
motion. 
2. Define rest and motion. (GRW. GIl, FBD. Gl, MLN. Gil, SWL. GH, DGK, GII, BWP. Gl) 


Ans. Rest: A body is said to be at rest, if it does not change its position with respect to 
its surroundings. 
‘Trees around the bank of the road are in rest position. 

Motion: 
A body is said to be in motion, if it changes its position with respect to its 
surroundings. 
A moving bus on the road is in a state of motion. 

3. Differentiate between linear and random motion. (LHR, GL, FBD, Git) 

Ans. Linear motion: 

yx = Straight line motion of a body is known as its linear motion. 

% =©Aeroplanes flying straight in air and objects falling vertically down are the 
examples of linear motion. 

Random motion 

¥e The disordered or irregular motion of an object is called random motion. 

~~ The motion of dust or smoke particles in the air is the example of random motion. 

4. Give difference between circular motion and rotatory motion. 

Ans. Circular Motion: - (SWL. Gl, MLN, Gt & Gil, DGK. GI, RWP. GI & Gil) 


w= The motion of an object in a circular path is known as circular motion. 

¥ Motion of the earth around the sun and motion of the moon around the earth are 
examples of circular motion. 

Rotatory Motion: 

* The spinning motion of a body about its axis is called its rotaiory motion. 

vx The motion of the Earth about its own axis is rotatory motion. 


The motion of a bicycle wheel about its axis is also rotatory motion. 


5. Define circular motion and random motion. (SGD. GI, PRD. Gh 
Ans. Circular motion: The motion of an object in a circular path is known as circular 
motion. 


Random motion; 
The disordered or irregular motion of an object is called random motion. 
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6. Write the difference between circular and vibratory motion. (SGD. GI, GRW. Gl) 
Ans, Circular Motion: 

The motion of an object in a circular path is known as circular notion. 
Motion of the earth around the sun and motion of the moon around the earth are 
examples of circular motion. 
Vibratory Motion: To and fro motion of a body about its mean position is known 
as vibratory motion, 
Up and down movement of the children in a see-saw is an example of vibratory 
motion. 
7. Define Linear Motion and Circular Motion. (SWL. GH, MLN. Gil) 
Ans. Linear motion: 
Straight line motion of a bedy is known as its linear motion. 
Circular motion: 
The motion of an object in a circular path is known as circular motion. 
8. Differentiate between translatory motion and circular motion. (Swi. GI, BWP. GI) 
Ans. Translatory motion: 
Translatory motion is a type of motion in which a body moves along a line without 
any rotation. This line may be straight or curved. 
Circular motion: 
The motion of an object in a circular path is known as circular motion, 
9. Define Translatory motion and give an example. (PGK. GI) 
Ans. Translatery motion: Translatory motion is a type of motion in which a body 
moves along a line without any rotation. This line may be straight or curved. 
Example: 
A car moving in a straight line has translational motion. 
10. Differentiate between rotatory motion and vibratory motion. (DGK. GU) 
Ans. Rotatory motion: 
The spinning motion of a body about its axis is called rotatory motion. 
Example: 
The top is shown in a given figure. The top spins about its axis passing through it 
and thus it possesses rotatory motion. 
An axis is a line around which a body rotates. 
Vibratory motion: 
To and fro motion of a body about its mean position is known as vibratory motion. 
Example: 
Consider the motion of a baby in a swing as shown in the given figure. It moves 
back and forth about its mean position. The motion of the baby repeats from one 
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extreme to the other extreme with the swing. 
11. How can vector quantities be represented graphically? (LHR. GI, RWP. Gil) 
Ans. Graphically a vector can be represented by a line segment with an arrow head. In 
the given figure the line AB with arrowhead at B represents 2 vector v. 


The length of the line AB gives the magnitude of the 
vector v On a selected scale. v 
While the direction of the line from A to B gives the A 


direction of the vector V. Grophical representation of w vector v. 
12. Differentiate between scalar and vector. (LHR. GII. SWL. GI, MLN. GI, SGD. GI & GI) 
Ans. Scalars: 


% A scalar is described completely by its magnitude only. 

* Mass, length, time, speed, volume, work and energy are some examples of scalars. 

Vectors: 

“ A vector is described completely by magnitude and direction. 

w Velocity, displacement, force, momentum and torque are some examples of vectors. 

13. Why vector quantities can not be added and subtracted like scalar quantities? 

(RWP. GI, DGK. GI) 

Ans. Scalars quantities are the quantities which can be described completely by 
magnitude while vectors quantities need direction and magnitude for their complete 
description. 
The quantities having direction cannot be added and subtracted like scalar 
quantities. 


* Tick the correct answer, 
1. A ball is thrown vertically upwards. Its velocity at the highest point is: 
(LURK. GI, SGD. GI & Gil, MLN. GH, DGK. Gil, RWP. GI) 
(A)-10m/s (B) Zero (C) 10ms” (D) None of these 
2. By dividing displacement of a moving body with time, we obtain: 
(LHR. Gil, BWP. GI, SGD. Gil, SWL. G1) 


(A)Speed (B) Acceleration (C) Velocity (D) Deceleration 
3. The speed of cheetah is: (GRW. GIl, BWP. Gil, RWP. GI) 
(A) 200 kmh=! (B)70kmh! = (C) 100 kmh! (D) 90 kmh-! 
4 Achange in position is called: (FBD. GI, DGK. GL, SWL. GIL, BWP. Gil, SGD. GI) 
(A) Speed (B) Velocity (C) Displacement (D) Distance 
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5. A train is moving at a speed of 36kmh-"', Its speed expressed in ms- is: ; 
(RD. Gi, MLN, Gl, BWP. G II, GRW. GN) 
(A) 10ms-! (B) 20ms~! (C) 25ms-! (D) 30ms-! 
6. Acar is moving with speed of 20ms". Its speed in kmh! will be: 
(FRD. Gl, DGK. GP) 


“* 


; (A) 36kmh“ (B) 50kmh-!- = (C)- 72kmh7! (D) 100kmh 
7. is not a vector quantity. (MLN. GU) 
(A) Displacement (B) Velocity (C) Work (D) Torque 
' 8. Which of the following is a vector quantity: (SWL. Gl, RWP. GI, LHR. GI, FBD. Gt) 
(A) speed (B) distance (C) displacement — (D) power 


_ 9. The acceleration of a body falling down freely is approximately: 
(SWL. Gl, BWP. GD 


(A) 10m?s-? (B) 10ms? (C) 10ms"! (D) 10m2s" 

10. Speed of Falcon is: : : (SGD. GI) 
(A) 150kmh"! (B) 250kmh-!—. (CC) 300kmbhr! (D) 200kmh-! 

1l, Acar starts from rest. It acquires a speed of 25ms"' after 20 sec. The distance 
moved by the car during this time is: (SGD. GI, RWP. Gl) 
(A) 31.25m ~ (B) 250m (C) 500m (D) 5000m 

12. Which of the following is a vector quantity? (RWP. GD 
(A) Speed (B) Distance (C) Velocity (D) Mass 

13.. The distance covered in a unit time is calied: (MLN. GD 

| (A) Speed (B) Velocity (C) Acceleration (D)Uniform velocity 

14. The unit of acceleration is: (MLN. Gi, SWL. GI) 
(A)Nm ~ (B) ms? * (C) ms! (D) kg m=! 

15. a=. - 3 (MLN, GI) 
(Ay (B) “2% c) o> 

t t VeVi 

16. The unit of. acceleration is: (RWP. Gil) 
(A) kmh“ (B) ms" (C) kmh? (D) kms“ 

17, Which of the following is a vector quantity? (DGK. G}) 
(A) Force (B) Mass "(C) Speed (D) Time 

18. Negative Acceleration is also called: (RWP. GI) 


(A) Displacement (B) Deceleration {C) Retardation (D) Both B and C 
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19. If an object is moving with constant speed then its distance-time graph will be 


a straight line: (SGD. GI, DGK. GI) 
(A) Along time-axis (B) Along distance-axis 
(C) Parallel to time axis (D) Inclined to time-axis 

2. V/-V;= : (FBD. Gil) 
{A) Vave (B)S . (C) 2aS (D)t 


1. Zero 2. Velocity 3. 7Okmh-! 4, Distance 5. 10ms" 
6. 72kmh-'! 7. Work 8. displacement 9. 10ms? 10. 200kmh"' 


11. 250m 12. Velocity 13. Speed 14. ms 15. a 
16. kmh? = 17. Force 18. Both B and C 19, Parallel to time axis 
20. 2aS 
%< Give short answer to the following questions. 
1. Differentiate between the speed and velocity. (LHR, Gl, FBD. Gil, SGD, Gil, DGK. Gi) 


Ans. Speed: %¥ The distance covered by an object in unit time is called its speed. 
ve Speed can be calculated by given formula. 


Siecd = devtanee covered 
time 
tt = Speed is a scalar quantity. Because it can be described completely by a magnitude 


only, 

Velocity: ¥¢ The rate of displavement of a body is called its velocity. 

¥ Velocity can be calculated by given formula. 

displacement 

“th me taken 7 

% Velocity is a vector quantity. Because it can be described completely by a 
magnitude and direction. 

2. Cana body moving at a constant speed have acceleration? (LHR. Gli, MLN. Gl) 

Ans. Yes a body moving at a constant speed have acceleration if it changes its direction 
or moving in a circular path. 

3. Differentiate between distance and displacement. 

Aas. Distance: (GRW. GI, FRD. Gi, RWP. Gi, DGK. Gi, SWL. Git) 

%¢ Length of a path between two points is called the distance between those points. 

%% Distance is a scalar quantity because it can be completely described with the help of 
magnitude only. 

Displacement: 

¥ Displacement is the shortest distance, between two points which has magnitude and 


Velocity = 
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direction. 
Displacement is a vector quantity because it can be completely described with the 
help of magnitude and direction, 
4. Define uniform acceleration. (FBD. G1, DGK. G1, MLN. GI) 
Ans. A body has uniform acceleration if it has equal changes in velocity in equal 
intervals of time however short the interval may be. 
5. Define acceleration. (FBD. GU, LUR, Gl, SGD. GI & Gil, BWP. GI) 
Ans. Acceleration is defined as the rate of change of velocity of a body. 
Acceleration can be calculated as. 
Change in velocity 
time taken 
Unit of acceleration is metre per second per second (ms). 
It is a vector quantity. 


6. A-sprinter completes its 100m race in 12 seconds. Find its average speed. 
(MLN. GL, RWP. GI & GIl, DGK. GI) 


Acceleration = 


Sol. Total distance = 100m 
Total time = 12 sec 
‘Total distance 
total time 
Average speed = 8.33 ms! 
Hence average speed of sprinter is 8.33ms~! 


Average speed = 


7. Describe with example the position of a body. (SGD. G1, GRW. GI) 
Ans. Position: Position means the location of a certain place or object from a reference 
point. OR 


The term position describes the location of a place or a point with respect to some 
reference point called origin. 
Explanation: If someone wants to describe the position of his/her schoo! from home. 


Let the school! be represented by S and home by 
H as shown in the figure. 
The position of the school from home will be 


the distance and is represented by a straight line HS | 


in the direction from H Ww S as shown in given figure. 
Position of the school S from the bome H. 


8. Differentiate between variable and uniform speed. (SGD. GI, RWP. GH 
Ans. Variable speed: A body has variable speed if it covers equal distances in unequal 
intervals of time however short the interval may be. “y 
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Uniform Speed: 
A body has uniform speed if it covers equal distances in equal intervals of time 
however short the interval may be. 


(OR) 
If the speed of the body does not vary and has the same value then the body is said 
to posses uniform speed. 
9 A train is moving at a speed of 36kmh~. What will be its velocity in ms"? 
(DGK. GI) 
Ans. 36kmh! = ee ns = 10 ms! 
10. What is meant by positive and negative acceleration? (BWP. GIl, GRW. G 1) 


Aas. Positive acceleration: 
Acceleration of a body is positive if its velocity increases with time. 
The direction of this accelvration is the same in which the body is moving without 
change in its direction. 
Negative Acceleration: 
Acceleration of a body is negative if velocity of the body decreases. 
The direction of negative acceleration is opposite to the direction in which body is 


moving. 
11. Convert 20ms“ velocity in kmh~!. (BWP. GI) 
4d ap 28 4, 72000 lh as = 
Ans, 20 ms 1000 x«3600kmh 000° kmh 72 kmh 
12. Define the terms velocity and acceleration. (LHR. GH) 


Ans. Velocity: 
The rate of displacement of a body is called its velocity. 


d 
Velocity can be calculated as Y= . 


Unit of velocity is metre per second (ms ') 
Acceleration: 
Acceleration is defined as the rate of change of velocity of a body. 
Acceleration can be calculated as. 
Change in velocity 
time taken 
Unit of acceleration is metre per second per second (ms-2). 
13. Convert 10kmh~ into ms". (BWP. Gi) 


Ans. 10kmh7 = et ms 22.78 1 
- 3600 » Ooms 


Acceleration = 
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14. Define Speed and Uniform Speed. (BWP. G I) 
Ans. Speed: 

‘The distance covered by an object in unit time is called its speed. 
Uniform Speed: 
A body has uniform speed if it covers equal distances in equal intervals of time 
however short the interval may be. 
(OR) 
If the speed of the body does not vary and has the same value then the body is said 
to posses uniform speed. 
15. Define Velocity and Uniform velocity. = (SWL. Gl, BWP. GI, BWP. Gl. & GI, GRW. Gl) 
Ans. Velocity: The rate of displacement of a body is called its velocity. 
Uniform velocity: 
A body has uniform velocity if it covers equal displacement in equal intervals of 
time however short the interval may be. 
If the speed and direction of a body does not change, then it posses uniform 


velocity. 
16, What would be the shape of a speed - time graph of a moving body with 
variable speed? (LHR. Gi) 
Ans. When a body is moving with variable yi 


speed, the shape of its speed-time 
graph is not a straight line. 


17. Write the second and third cquation of motion in mathematical form. 
(GRW. GH, SGD, GU) 


t.3 
Ans. Second equation of motion; $= ¥,!+ ial 


2 
’ 


Third equation of motion: 2aS=v,~v 


18. Define gravitational acceleration and write its value. (GRw.GH, FRD. GI, RWP. Git) 
Ans, Gravitational acceleration: The acceleration of a freely falling bodies is called 
gravitational acceleration, It is denoted by g. 
Value of g: On the surface of the Earth, the value of g is approximately |Oms~2. 
=> For bodies falling freely g is positive. 
= For bodies, moving up g is negative. 
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STUDENTS LEARNING OUTCOMES 
After studying this unit, the students will be able to: 


> define momentum, force, inertia, friction, centripetal force. 
> — solve problems using the equation: Force = change in momentum/change in time. 
>» explain the concept of force by practical examples of daily life. 
® state Newton's laws of motion. 
> distinguish between mass and weight and solve problems 
using F = ma, and w = mg. 
>» calculate tension and acceleration in a string during motion of 
bodies connected by the string and passing over frictionless 
pulley using second law of motion. 
> _ state the law of conservation of momentum. 
> use the principle of conservation of momentum in “ — Linkage 
| the collision of two objects. 4 . —— os —— 
» determine the velocity after collision of two objects | yp), chapter leads to: 
using the law of conservation of momentum. Mofion ond Force — Physics-Xl 
>» explain the effect of friction on the motion of a vehicle in the context of tyre 
surface, road conditions including skidding, braking force. 
>» demonstrate that rolling friction is much lesser than sliding friction. 
> list various methods to reduce friction. 
>» explain that motion in a curved path is due to a perpendicular force on a body that 
changes direction of motion but not speed. 
>» calculate centripetal force on a body moving in a circle using my’/r. 
> — state what will happen to you while you are sitting Major Concepts: 
inside a bus when the bus Nomentum 
. ‘ Kewton's laws of motion 
(i) starts moving suddenly Friction 
(ii) stops moving suddenly Uniform circular mothon 
(iii) turns a comer to the left suddenly. 
>» write a story about what may happen to you when you dream that all frictions 
suddenly disappeared. Why did your dream turn into a nightmare? 
INVESTIGATION SKILLS: 
» Identify the relationship between load and friction by sliding a trolley carrying 


different loads with the help of a spring balance on different surfaces. 
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SCIENCE, TECHNOLOGY AND SOCIETY CONNECTION: 

» Identify the principle of dynamics with reference to the motion of human beings, 
objects, and vehicles (c.g. analyse the throwing of a ball, swimming, boating and 
rocket motion). 

* Identify the safety devices (such as packaging of fragile objects, the action of 
crumple zones and seatbelts) utilized to reduce the effects of changing momentum. 

> Describe advantages and disadvantages of friction in real-world situations, as well 
as methods used ty increase or reduce friction in these situatians (e.g. advantages of 
friction on the surface of car tyres (tyre tread), cycling, parachute, knots in string; 
disadvantages of friction and methods for reducing friction between moving parts 
of industrial machines and on wheels spinning On axles). 

» Identify the use of centripetal force in (i) safe driving by banking roads (ii) washing 
machine dryer (iii) cream separator. 

In kinematics, we have studied the changes in motion only. Our understanding 
about the changes in motion is of little value without knowing its causes. The branch of 
mechanics that deals with the study of motion of an object and the cause of its motion is 
called dynamics. In this unit, we shall study momentum and investigate what causes a 
change in the motion of a body and what role the mass of a body plays in its motion. This 
inquiry leads us to the concept of force. We shall also study the laws of motion and their 


applications. 
| 3.1 Force, inertia and Momentum 


Q.1. What is dynamics? What do you know about force, inertia and momentum? 
Explain your answer with suitable examples. 
Ans: Dynamics: The branch of mechanics that deals with the study of motion of an 
object and the cause Of its motion is called dynamics. 
Force: The agency which moves or tends to move, stops or tends to stop the motion of a 
body is called force. 
= The force can also change the direction of motion of a body. 
Example # 1: The force can also change the shape or size of 
a body on which it acts. 
A door can be opened or ciosed by applying a force in the 
__ form of pushing and pulling. 
Example # 2: A man is pusting a cart in the given figure. 
The push may move the cart or change the direction of its 
motion or may stop the moving cart. 
Example # 3: 
In the given figure (3.2) a batsman is changing the direction of a moving ball by 
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pushing it with his bat. 
Example # 4: A force may not always cause a body to move. 
in a given figure (3.3) a boy is pushing a wall and is thus trying to move it but it 
does not move. 
Example # 5: 
Ina given figure ( (3. 4) a goalkeeper needs | a force to stop a ball coming to him. 


direction os i 1s poched by the batomen 


Example#6: 
An apple can be cut with a knife by pushing its sharp edge into the apple. 

Inertia: Inertia of a body is its property due to which it resists any change in its state of 

rest or motion. 

Inertia depends upon mass: Intertia of the body depends on its mass, greater is the mass 

of a body, greater is its inertia, 

Galileo's observation: Galileo observed that it is easy to move 

or to stop light objects than heavier ones. Heavier objects are 

difficult to move or if moving then difficult to stop. Heavier 

bodies have high inertia and lighter bodies have low inertia. 

Example # 1: Take a glass and cover it with a piece of 

cardboard. Place a coin on the cardboard as shown in given se be —a 

figure. Now flick the card horizontally with a jerk of finger. flicks awe 

The coin falls into the glass due to inertia while the card flicks away. 

Example # 2: Cut a strip from a sheet of paper as shown in 

figure, Place it on a table. Stack a few coins al its one end as 

shown in the figure. It will be noticed that on pulling the 

paper quickly under the coins prevents the coins to topple due 

to inertia. 

Momentum: Momentum of a body is the quantity of motion 

it possesses due to its mass and velocity. 

Formula: The momentum P of a body is given by the product 

of its mass (m) and its velocity (v). 
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P= my 
Unit: The unit of momentum in system international is kg ms! 
Vector quantity: Momentum is a vector quantity because it needs magnitude, unit and 
specific direction for its complete description 
Example #1: The impact of a loaded truck on a body coming its way is very large even 
if the truck is moving slowly. Because a great mass has great momentum. 
Example #2: A bullet has a very small inertia due to its small mass. But when it is fired 
from the gun its impact is very strong because it is fired with greater velocity. 


EEX2 Newton's Laws of Motion 


Q.2. State Newton's first law of motion. Explain this law with examples. Why 
first law of motion is also called law of inertia? 
Ans: Newton's First Law of Motion: A body continues its state of rest or of uniform 
motion in a straight line unless acted upon by a net force. 
Explanation: First law of motion deals with bodies which are cither {Net lorce is the resultant ¢ 
al rest or moving with uniform speed in a straight line. This law 
has two part. body. 
Explanation of 15¢ part with example: 
The first part of the ist law is concerned with the bodies a rest. According to Ist 
law of motion a body at rest remains at rest provided no net force acts on it. 
Example: A book lying on a table remains at rest as long as no net force acts on it. 
Conclusion: This part of the law is true as we observe that objects do not move by 
themselves unless someone moves them. 
Explanation of 290 part with example: 
Second part of the Newton's first law of motion DO YOU KNOW?: 
deals with bodies in motion. 
Example: A moving object does not stop moving by 
itself. A ball rolled on a rough ground stops earlier than 
that rolled on a smooth ground. It is because rough 
surfaces offer greater friction. If there would be no force 
to Oppose the motion of a body then the moving body 


would never stop. When a bus takes a sharp turn, 
First law of motion is the law of inertia: passengers fall in the outward 


Newton's first law of motion deals with the inertial sneer It hi plore 
ie Mees want to continue their m na 
property of matter, therefore, Newton s first law of straight line and thes fail ' 
motion is also known as law of inertia. 
Example: 
rhe passengers standing in a bus fall forward when its driver applies brakes: 


. suddenly. It is because the upper parts of their bodies tend to continue their motion, while, 
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lower parts of their bodies in contact with the bus stop with it. Hence they fall forward. 
Q.3. State Newton's second law of motion. Prove its mathematical formula, Also 


derive the unit of force. 
Ans: Newton's second law of motion deals with situations when a net force is acting on a 
body. 
Statement: When a net force acts on a body, it produces acceleration in the body in the 
direction of the net force. The magnitude of this acceleration is directly proportional to 
the net force acting on the body and inversely proportional to ils mass. 
Mathematical formula: if a force produces an acceleration a in a body of mass m then it 
can be stated mathematically that 
a <F : (i) 
l 
ac om ——~ (ii) 
By combining eq (i) and (ii) 


F 
ax — 
m 
Fama 
Putting k as proportionality constant, 
F=kma (iii) 
In SI units, the value of k comes out to be |. Thus eq. (iii) becomes. 
F=ma 


Unit: $1 unit of force is newton (N). 
Definition of newton: One newton (IN) is the force that produces an acceleration of | 
ms * ina body of mass of Ikg. 


Derivation of unit newton: 
Using Newton's second law of motion, a force of one newton can be expressed as 


LN = Ikg = 1 ms~ 
IN = Ikg ms” 


Find the acceleration that is produced by a 20 N force in a mass of 8 kg. 
Solution: Here m = 8kg 


F =20N 
a ? 
using the formula F = ma 
20N =8kg*a 
20N 
or a Ske 
kems~ 
3 or g = 15——— 
kg 


t 
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a =2.5 ms* 
Thus acceleration produced by the force is 2,5 ms™ . 
RA force acting on a body of mass Skg produces an acceleration of 
10 ms*. What acceleration the same force will produce in a body of mass 


Example 3, 


8kg? 
Solution: Here m, = Skg 
m, =8kg 
a, =10ms™~ 
a, =? 


Applying Newton's second law of motion, we get; 
F = mM, 8, 
F =m,a, 
Comparing the equations, we get; 
m, a, = ma, 
(Skg) (10m/s?) = (8kg) 4, j 
or a =6.25ms* 
Hence, the acceleration produced is 6.25 ms~. 
eee, A cyclist of mass 40kg exerts 2° N force to move his bicycle with 
an acceleration of 3ms-. How much is the force of friction between the 


road and the tyres. 
Solution: Here m =40kg 
a =3 ms° 
F, =200N 

Net Force =F=<7? 

Force of friction ={=? 

As net Force F =ma 
=40kg*3 ms° 
=120N 

Net force = Applied Force — Force of friction 

120N =200-f 


f =80N 


Thus. the force of friction between road and the tyres is 80 N. 
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0.4. Differentiate between mass and weight: 
Ans: 
Vass Weight 
Mass of a body is the quantity of matter]]. Weight of a body is due to the force 
that it possesses. of gravity acted on it, Weight of a 
body is equal to the force with 
which Earth attracts it. 
Mass is a scalar quantity because it}2. Weight is a vector quantity because 
needs only magnitude, and unit for its it needs only magnitude, unit and 
direction for its description. 
On the Earth, weight varies 
depending upon the value of g 
acceleration due to gravity. 
. Weight is measured by a spring 
standard masses using a beam balance, balance. 
Mass of a body can be derived by/5. Weight of a body can be derived by 
following equations following equation; 
Ww w>=meg 
zg =m, m=dvV 


Unit of mass is kilogram (kg) . Unit of weight is newton (N). 


Figure 3.7: Spring balance is used to measure 
the force or weight of a body. 


Q.5. State the Newton's third law of motion. Explain this law with suitable 
examples. 

Ans: Newton's third law of motion deals with the reaction of a body when a force acts on 
it. 

Statement: To every action there is always an equal but opposite reaction. 

Explanation: Let a body A exerts a force on another body B, the body B reacts against 

‘this force and exerts a force on body A. The force exerted by body A on B is the action 

force whereas the force exerted by body on A is called the reactional force. According 

to this law, action is always accompanied by a reaction force and the two forces must 
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always be equal and opposite. 
Action and reaction forces always act on different bodies. 

Example #1: Consider a book lying on a table as shown 
in figure (3.8). The weight of the body is acting on the table 
in the downward direction. This is the action. The reaction 
of the table acts on the book in the upward direction. 
Example #2: Take an air-filled balloon as shown in the 
given figure (3.9). When the balloon is set free, the air Figure 38: heen chihatbeoek 
inside it rushes out and the balloon moves forward. and reociton on it 


Action in this example: In this example, the action is by the 
balloon that pushes the air out of it when set free. 

Reaction in this example: The reaction of the air which 
escapes out from the ballocn acts on the balloon. Due to this 
reaction balloon moves forward. 


Example #3: 


~ 
Figuro 3.9: Reaction of the air 
pushed out of the balloon moves It 


A rocket such as shown in given figure (3.10) mov 
on the same principle When its fuel burns, hot gases escape 
out from its tail with a very high speed. The reaction of these 
gases on the rocket causes it to move opposite to the gases 
rushing out of its tail. 


Figure 3.10: A Rocket taking off 


Quick Quiz: 
Stretch out your palm and hold a book on it. 

{. How mach force you need to prevent the book from falling? 

Ans: The force which ts needed to prevent the book from falling is equal to the weight of the book. 

2. Which is action? 

Ans: The weight of the book is acting in a downward direction. 11 is the actional force. 

3. Is there any reaction? If yes, then what is its direction. 

Ans: Yes, there is @ reactiou force in this case. The force applied to prevent the book from falling is called the 

reactional force. The reactional force is acting in the vpward direction. 

0.6. What do you understand about the tension of a string. Give explanation of 
your answer. 

Ans: Tension of a string can be understood by the given explanation. 

Explanation: Consider a block supported by a string. The upper end of the string is fixed 

on a stand as shown in figure. 

Let w be the weight of the block. The block pulls the string downwards. This 


causes a tension T in the string, since its other end is fixed on the stand. The tension T in 
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the string is acting upwards at the block. 

As the block is at rest, therefore, the weight of the t 
block acting downwards must be balanced by the 
upwards tension T in the string. : 

Thus the tension 'T in the string must be equal and Figure 3.11: Weight of the block 
opposite to the weight w of the block, the string 
Q.7. How will you find out the acceleration and tension of two bodies connected 

by a string that passes over a frictionless pulley when both are moving 

vertically? 
Ans: Consider two bodies A and B of unequal masses, m, 
and Mm, respectively. The two bodies are attached to the 
Opposite ends of an inextensidle string, The string passes 
over a frictionless pulley as shown in figure. 
Movement of body A: As m, is greater than mM), 
therefore body A moves downwards with some 
acceleration. Let this acceleration be a. 
Movement of body B: In this case, the body B attached to 
the other end of the string moves with the same 
acceleration (a) in the upward direction, 
Tension in string: As the pulley is frictionless, hence Figure 3.12: Boiler eitethed te 
tension will be the same throughout the string. Let the| the ends of a string that passes 
tension in the string be T. over a frictionless pulley 
Forces acting on body A: There are two forces which are acting on the body A. 

(i) Force of tension (T) in upward direction 

(ii) Force of weight (w) in downward direction 

As body A is moving downwards, therefore its weight m,g is greater than the 
tension ‘T in the string (w > T), 
Net force on body A: Net force on body A= ™,g-—T 

According to Newton's second law of motion. 

F=ma 

So; mg-T=™ma_____(i) 
Forces acting on body B: 

There are two forces which are acting on body B. 
(i) Force of tension (T) in upward direction. 
(ii) Force of weight (w) in downward direction. 

As body B is moving upwards, hence its tension T in the string is greater than its 
weight (w) (T > w). 
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Net force on body B: 
Net force on body B = T— m,g 
According to Newton's second law of motion. 
F=ma 
T- m,g= m,a (ii) 
Value of acceleration: 
Value of acceleration in this case can be found out by adding eq. (i) and (ii), 
(T— M,g)+(™,g-T)= Ma+M,a 
# -meye+me 7X =Mat+ma 
mM, g - Msg =Mat+My,a 


g(™ — ™m,) =a(@, +) 


g(m, 2 m,) 
m+m, ~“ 
m, —m, 
So S = ao, g 
Value of Tension: 
Value of tension in this case can be found out by dividing eq. (ii) by eq. (i) 
T-m,g m,4¢ DO YOU KNOW? 


mg-T ~ m, : An Atwood machine is a 


™, (F- 2g) = ™2(Mge7) | 
m,y— ™M,M,g = M,M,p—-M, T siting passes over a frictionles: 
pulley. This arrangement is 

m,T + m, T = ™M, M, g+ my, Mg 


T(™, + Mr) =2™M, Mp 


é 2m,m,g 
r * m,+m, 
Atwood machine: 

The above arrangement given in this case is also known as Atwood machine, It can 
be used to find the acceleration g due to gravity by using following equation. 

_ m,+M, 
m,—m, 
inextensible string which passes over a frictionless pulley. Find the 
acceleration in the system and the tension in the string when both the 
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masses are moving vertically. 
Solution: ™, =52kg 


m, =4.8kg 
m, -m, 
s + *m+m,§ 
5.2kg —4.8kg - 
~ 5.2kg+4.8kg ~ 'OmS” 
a -04 ms* 
2m,m, 
a T = m, +m, 
2x5.2kg x4.8ke : 
= 5.2kg+48kg * mS 
T =S0N 


Thus the acceleration in the system is 0.4ms~ and tension in the string is SON 


Q.8. Discuss the motion of bodies connected by a string that passes over a 
frictionless pulley when one body moves vertically downwards while the 
second body moves on a smooth horizontal surface. Find out the value of 
tension and acceleration in this case, 

Ans: Consider two bodies A and B of masses m, and 
m, respectively attached to the ends of an 
inextensible string as shown in the given figure. 

Movement of body A and body B: Let the body A 

moves downwards with an acceleration a since the string! 

is inextensible, therefore, body B also moves over the 

as pene ga tain 
: pulley is frictionless, hence attached fo a string that passes over 

tension T will be the same throughout the string. a frictionless pulley. 

Forces acting on body A: There are two forces which are acting on body A. 

(i) Force of tension in upward direction 

(ii) Force of weight (w) in downward direction. 

As body A is moving downwards, therefore, its weight M,g is greater than the 
tension T in the string. (w > T). © 

Net force on body A: Net force acting on body A = m,g-—T 
According to Newton's second law of motion. 

F = ma 
So, Me-T=ma i _—(i*» 
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Forces acting on body B: ‘There are three forces which are acting on body B. 
(i) Weight m,g of the body acting downward. 
(ii) Reaction R of the horizontal surface acting upward on the body B. 
(iii) Tension T in the string pulling body B horizontally over the smooth surface. 
As body B has nv vertical motion, hence resultant of vertical forees (M,g and R) 
must be zero. 
Net force on body B: Net force acting on body B — T 
According to newton's second law of motion, 
F=ma 
So, T= mya 
Value of acceleration: 
Value of acceleration in this case can be found out by adding eq (1!) and eq (2). 


me-F+7 =Mat+ ma 
Mg =a(M + m,) 


mes 
m, +m), 


(2) 


a 
mi, 
a = 
m, +m, 


So 
Value of tension: 
Value of tension in this case can be found out by putting the value of a in eq. (2) 
mg) | 
m, +My 


m, M28 


m, +m; 


T =m 


5 


Example Two masses 4kg and 6kg are attached to the ends of an 
inextensible string which passes over a frictionless pulley such that mass 
6kg is moving over a frictionless horizontal surface and the mass 4kg is 
moving vertically downwards. Find the acceleration in the system and the 
tension in the string. 

Solution: m, =4kg 

Mm, =6kg 
m, 

m, +m, : 

4kg 

~ 4k y+6kyg 


as a ” 


x10ms” 
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a =4ms°* 

m, m 
ne", 
4kgx6kg 
~ 4ke+6kg 

- %T =24N 

‘Thus the acceleration in the system is 4ms~ and tension in the string is 24N. 


x 10ms~ 


0.9. Explain the relation of force and momentum. Prove this relation 
mathematically, 
Ans: Force acting on a body will be equal to the rate of change of momentum of the 
body. 
Explanation: 
Consider a body of man (m) moving with initial velocity (v,). 
Let a force acts on the bedy which produces an acceleration (a) in it. This changes 
the velocity of the body. 
Let its final velocity after time (t) becomes (¥,)- 
P = Initial momentum of the body. 
P, = Final momentum of the body. 
Momentum and velocities of the body can be related as 
P=m¥, 
P. =m; 
Change in momentum: Change in momentum can be given by this equation. 
AP= Fy F, 
Change in momentum = final momentum — initial momenturr 
P,- PR =m, -my, 
Rate of change in momentum: 
The rate of change in momentum is given by following way: 
24 Se 
1 7 t 
R-R _ my, ~¥,) 


ase extn () 


fv, -v, v,-V¥; 
As we know ee by putting the value of — in eq.(1) 
B-F 
——— ih (2) 
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According ot the Newton's second law of motion USEFUL INFORMATION 

F= Fragile objects such as glass wares 
, : = . are packed with suitable material; 
So equation (2) becomes meter tyrofoom rings, balls, polythe 


P, =P. 
a «e (3) 


t a 


Rate of change in momentum = F. 
Eq. (3) defines force and states Newton's second 
law of motion as. 


acceleration in the body and will be equal to the rate of 
change of momentum by the body". 


SI unit of momentum: 


S1 unit of momentum defined by eg (3) is newton 
~ second (Ns) which is the same as kg ms" 


USEFUL INFORMATION 

In an accident at high speed, the 
impact force is very large due to the 
extremely short stopping fime. For safety 
purposes, vehicles have rigid cages for 
passengers with crumple zones al their 


A body of mass 5 kg is moving with a 

velocity of 10ms'. Find the force requirea 
fo Stop it in 2 seconds. 

Solution: m =5kg 


Vv, =10 ms” 
Vs =O ms! 
t = 23 
F =? 
P =Skg* 10 ms” During an accident, crymple zones 
= 50 Ns collapse. This increases the impact time by 
— —— es Boga ing. ~ 
Pp . st Impact of force Is highly reduced an 
A DS ke «0 ms the passengers from severe injuries. 
= 0Ns 
* PP 
Since F > age 
S5ONs —ONs 
= 2s 
F =25N 


Thus 25 N force is required to stop the body. 


2.10. Define and explain the law of conservation of momentum. 
Ans: Momentum of a system depends on its mass and velocity. Law of conservation of 
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USEFUL INFORMATION 


momentum can be defined as i e 
" case of an actident, a person not wearin 
The momentum of an isolated system Of |, .g:polt will continse moving until stoppe 


two or more than two interacting bodies remain {suddenly by something oe. This so ng 


be a windscreen, another passenger or back 
constant", the sect in front of him/her. Seatbelts are useful in 
Explanation: 


two ways: 
@ They provide an external force to a person 
Consider an isolated system of two spheres |» A gs honey i is required for stretching 
of masses M, and ™m, as shown in figure. 
The masses ™, and ™, are moving in a 


straight line with initial velocities U, and u, 
respectively, such that U, is greater than U,. 

Sphere of mass ™, approaches the sphere of mass 
m, as they move. 
Total momentum of the system before collision: 

Initia) momentum of mass M, = mM, U, 

Initia] momentum of mass M, = M, U, 

Total initial momentum of the system before collision 

= m, u, + M, u, 

Collision of masses: After sometime mass ™m, hits m, 
with some force. 

According to Newton's third law of motion, M, 
exerts an equal and opposite force on ™,. Let their 
velocities become V, and V, respectively after collision. 


Total momentum of the system after collision: 


Final momentum of the mass ™, = ™, ¥, 


(b) Al collision 


o-G- 
tc) Afier collision 


Figure 3.14: Collision of two 
bodies of spherical spheres 


Final momentum of the mass M, = M, ¥, 

Total final momentum of the system after collision = m, Vv, + M, V, 
Law of conservation of momentum: 

According to the law of conservation of momentum. 

Total initial momentum of | { Total final momertum of 
io system before ek : | the system after collision 
m,U, + M,u, = mM, Vv, + Mm, V, 

This equation shows that the momentum of an isolated system before and after 
collisions remains the same which is the law of conservation of momentum. 
Importance: 

Law of conservation of momentum is an important law and has vast applications. 
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System: A system is a group of bodies within a certain boundaries. 
Isolated system: An isolated system is a group of two or more interacting bodies on 
which no external force is acting. 

If no unbalanced or net force acts on @ system, then its momentum remains 
constant, Thus the momentum of an isolated system is always conserved, This is the Law 
ot Conservation of Momentum. 

(0.1/1. How following examples follow the law of conservation of momentum? 

Explain. 

(i) A released air-filled balloon, (ii) A system of gun and a bullet. 

(iii) Working of rockets and jet engine. 

Ans: (i) A released air-filled balloon: 

An example of an air-filled ballon can be explained under the third law of motion 
and the law of conservation of momentum. 

In this case, balloon and the air inside it form a system. 

Initial momentum of the sysiem: Before releasing the balloon, the system was at rest 
and hence the initial momentum of the system was zero, 

Final momentum of the system: As soon as the balloon is set free, air escapes out of it 
with some velocity. The air coming out of it possesses momentum. 

The balloon moves in a direction opposite to that of air rushing out to conserve 
momentum. 

(ii) A system of gun and a bullet: Consider a system of gun and bullet. 
Total momentum before firing: Before firing the gun, both the gun and bullet are at rest, 
so the tolal momentum of the system is Zero. 


fos momentum of the gun and \ 


the bullet before the gun is fired ) — 
Total momentum after firing: 


As the gun is fired, bullet shoots out of the gun and acquires momentum. 

Let m be the mass of the bullet and v be its velocity on firing the gun; M be the 
mass of the gun and V be the velocity with which it recoils. 

Thus the total momentum of the gun and the bullet after the gun is fired will be 


Total momentum of the gun and | 
= MV + my. 


zero 


the bullet after the gun is fired 
Total momentum of the system before and after firing: 
According to law of conservation of momentum, the total momentum of the gun. 
and the bullet will be zero after the gun ts fired. 
According to the law of conservation of momentum. 
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Total momentum of the gun and Total momentum of the gun “4 
the bullet after the gunis fired } ~ | the bullet before the gun is fired 
MV +myv =0 


This equation gives the velocity V of the gun. 
Meaning of negative sign: 

Negative sign indicates velocity of the gun is opposite to the velocity of the bullet. 
i.e, the gun recoils. 

As the mass of the gun is much larger than mass of the bullet, so the recoil is much 
smaller than the velocity of the bullet. 
(iil) Working of rockets and jet engine; 

Working of rockets and jet engines can be explained by law of conservation of 
momentum. 

In these machines, hot gases produced by burning of fuel rush out with large 
momentum. 

Rockets and jet engines gain an equal and opposite momentum, This enables them 
to move with very high velocities. 
A bullet of mass 20g is fired from a gun with a muzzle velocity 

100ms—!. Find the recoil of the gun if its mass is 5 kg. 
Solution: m > 20g¢=0.02kg 


v = 100 ms" 
M = Skg 
V =? 
According to the law of conservation of momentum: 
MV +mv=0 
Putting the values, we get 
-. Skg * V + (0.02 kg) x (100ms~!) =0 ‘ 
or 5 kg x V =-(0.02 kg) = (100ms~') 
(0.02 kg) * (100ms"') 
or yY =- ~~ ke 
V =—0.4ms-! 


The negative sign indicates that the gun recoils i.e., moves in the backward: 
direction opposite to the motion of the bullet with a velocity of 0.4 ms”. 
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Q.12.What is the force of friction and on which factors it depends? Why friction 
opposes motion? 

Ans: Naturally there must be some force that stops moving objects. Since a force not 
only moves an object but also stops moving object. 

Definition of friction: ‘The force that opposes the motion of an object is called friction. 

Reason of friction: Friction is a force that comes into action as soon as a body is pushed 

or pulled over a surface. 

Friction in solids: 

In case of solids. the force of friction between two bodies depends upon many 
factors such as nature of the two surfaces in contact and the pressing force between them. 
Explanation: On rubbing palm over different surfaces such as table, carpet, polished 
marble surface, brick etc. it will be noticed that it is easier to move palm over a smoother 
surface while it is difficult to move palm over a tough or rough surface. 

Friction opposes motion: In the universe all the 
surfaces are not perfectly smooth. 

A smooth surface has pits and bumps that! } 
can be seen under a microscope. 

Above figure shows two wooden blocks 
with their polished surfaces in contact. Cold Yelds 
Magnified view of smooth surfaces: 

A magnified view of two surfaces in contact| Figure 3.17: A magnified view of the two 
shows the gaps and contacts between them. surtaces in contact 
Magnified view of smooth surfaces: 

A magnified view of two surfaces in contact, shows the gaps and contacts between 
them. 

The contact points between the two surfaces form a sort of cold welds. 

These cold welds resist the surfaces from sliding over cach other. 

Relation of pressing force and friction: From the 
above figure it can be easily understood. Adding weight 
over the upper block increases the force pressing the 


surfaces together and hence, increases the resistance. 
Thus, greater Is the pressing force greater will be the 
friction between the sliding surfaces. 

Relation of applied force and friction: Friction is equal |p sting the opposite walls by palms 
to the applied force that tends to move a body at rest. It |and feet increases friction. This enables 
increases with the applied force. the boy to move wp on the walls. 
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Examples:1. A cyclist keeps on pedalling to overcome friction, 
2. To walk or to run, friction is needed to push the ground backward. 


Ol res 


Figure 3.15; A cyclist keeps on pedalling to Figure 3.16: To walk or fo run friction is 
overcome friction. needed to push the ground backward. 


0.13. What is the force of limiting friction (Fs), on which factor it depends and 
what is coefficient of friction? Write formulas of both. Write advantages of 
friction. 

Ans: Force of limiting friction: 

Friction has a maximum value. It does not increase beyond this, The maximum 
value of friction is known as the force of limiting friction (Fs). 

Factor on which (F,) depends: Force of limiting friction (F;) depends on the normal 

reaction (pressing force) between the two surfaces in contact. 

Formula: F, = uR 

Co-elficient of friction: 

The ratio between the force of limiting friction Fs and normal reaction R is 
constant. This constant is called the co-efficient of friction and is represented by #. 


Formula; + = R 


If m be the mass of the block, then for horizontal surface 


Materials 


Tyre and Road, dry 
0.5-0.7 | Tyre and Road, wet 


0.05 Wood and Wood 
Wood and Metal 
Wood and Concrete 
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Advantages of friction: 
1. Friction is needed to walk on the ground. It is risky to run on wet floor with shoes 
that have smooth soles. 
2. Athletes use special shocs that have extraordinary ground grip, Such shoes provide 
more friction and prevent them from slipping while running fast. 
3. To stop the moving bicycle, brakes will be applied. The rubber pads pressed against 
the rims provide friction. It is the friction that stops the bicycle. 


Quick Quiz: 
1. Which shoe offer less friction? 
Ans: The smooth suriace shoe offer less iriction. 
2. Which shoe is better for waiking on dry track? 
Ans: The smooth suriace shoe is better for walking on dry track. 
3. Which shoe is better for jogging? 
Ans: The rough surface shoe is better for jogging. 
4. Which sole will wear out early? 
Ans: The smooth surtace sole will wear cut early, 
0.14. What is rolling friction? How it can be explained with examples? 
Ans: Rolling friction: Rolling friction is the force of friction between a rolling body and 

a surface over which it rolls. 

Rolling friction is much smaller than the sliding friction. 
Motion of a wheel: Whee! is one of the most important 
inventions in the history of mankind, The first thing about a 
wheel is that it rotls rather than to slide as it moves. Phis 
greatly reduces friction. 

Explanation of rolling friction in wheel: When the axle of a 
wheel is pushed, the force of friction between the wheel and | Figure 3.18: Friction may 
the ground at the point of contact provides the reaction force. cause the body to roll 
The reaction force acts at the contact points of the wheel in a 
direction opposite to the applied force. The wheel rolls 
without rupturing the cold welds. That is why, the rolling 
friction is extremely small than sliding friction. 

Friction in ball bearings or roller: The idea that rolling Xe 

friction is less than sliding friction is applied in case of ball Figure 3.19: A ball bearing 
bearings or roller bearings to reduce losses due to friction. 
Advantage of friction: 

The wheel would not roll on pushing it if there would be no friction between the 
wheel and the ground. Thus, friction is desirable for whcels to roll over a surface. 

It is dangerous to drive on a wet road duc to small friction between the road and 
tyres. This increases the chance of slipping the tyres from the road. 
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Threading on tyres: The threading on tyres is designed to 
increase friction. Thus, threading improves road grip and 
make it safer to drive even on wet road, 

Application of brakes to stop bicyle: A cyclist applies 
brakes to stop his/her bicycle. As 200n as brakes are 


applied. the whcels stop rolling and begin to slide over the ~e A a ae 
road. Since sliding friction is much greater than rolling | Figure 3.20: Threading on tyres 
friction. Therefore, the cycle stops in a few moments. provides good road grip. 


Quick Quiz: 

i, Why is it easy to roll a cylindrical eraser on « paper sheet than to slide it? 

Ans: Clyindrical eraser is a rolling body and can easily rolled on o paper sheet than to slide it. Because a rolling 
friction is the force of friction between a rolling body and a surface over which it roles. 

2. Dowe roil or slide the eraser to remove the pencil work from our note books? 

Ans: We slide the eraser to remove the pencil work from our note book. 


Q.15. What do you know about braking and skidding? Write a note. 
Ans: Velocity components of wheels of a moving vehicle: 


The wheels of a moving vehicle have two velocity components, 

(i) Motion of wheels along the roud. 

(li) Rotation of wheels about their axis. 
importance of friction: 

To move a vehicle on the road as well as to stop a moving vehicle requires friction 
between its tyres and the road. 

Explanation: 

If the road is slippery or the tyres are worn out then the tyres instead of rolling, slip 
over the road. If the wheels start slipping at the same point on the slippery road, the 
vehicle will not move. Thus for the wheels tu roll, the force of friction (gripping force) 
between the tyres and the road must be enough that prevents them from slipping. 
Skidding of Car: To stop a car quickly, a large force of friction 
between the tyres and the roads is nceded. But there is a limit 
to this force of friction that tyres can provide. If the brakes are 
applied too strongly, the wheels of the car will lock up (stop 
turning) and the car will skid due to its large momentum. It 
will lose its directional control that may result in an accident. 
Method to reduce skidding: In order to reduce the chance of 
skidding, it is advisable not to apply brakes too hard that lock 
up their rolling motion especially at high speeds. Moreover, it 
is unsafe to drive a vehicle with worn out tyres. ding 
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Mini Exercise: 

In which case do you need smaller force and why? 
(i) rollingfii) — sliding 

In which case it is easy for the tyre to roll over? 


i. 


rough ground (ii) smooth ground 


S; (1) In the rolling friction we need smaller force. Because the rolling friction is lesser than the slid 


friction. 


(2) Onthe smooth ground, it is easy for the tyre to roll over. 


0.16. What are advantages and disadvantages of friction? How friction can be 


reduced? Write any four methods. 


Ans: Friction has the advantages as well as disadvantages. 
Advantages of friction: Friction has following advantages. 


(1) 
(2) 


(3) 


(4) 


It can not be written if there would by no friction between paper and pencil. 

Friction enables us to walk on ground, We can not run on a slippery ground because 
it offers very little friction. 

Birds could not fly, if there is no air resistance. The reaction of pushed air enables 
the birds to fly, 

Friction is highly desirable when climbing up a hill. 


Disadvantages of friction: 


(1) 
(2) 


(3) 


Friction is undesirable when moving with high speeds because it opposes the 
motion and thus limits the speed of moving objects. 

Most of our useful energy is lost as heat and sound due to the friction between 
various moving parts of machines. 

In machines, friction causes wear and tear of their moving parts. 


Methods of reducing friction: The friction can be reduced by: 


@ 


Making the sliding surfaces as smooth as possible. 


(ii) Making the fast moving objects a streamline shape (fish shape) such as cars, trains 


and aeroplanes, This causes the smooth flow of air around their bodies. This 
minimizes air resistance at high speeds. 


Figure 3.22: 

reduces air resistance 

(iii) Using lubricants between the sliding surfaces. 

(iv) Using ball bearings or roller bearings, Because the rolling friction is much less than 
sliding friction. 
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0.17. (a) What is circular motion? Give examples. 
(6) What is centripetal force? What is the direction of centripetal force? 
Write its examples, formula ind unit. 
(c) What is centripetal acceleration? Write its formula and unit. 
(d) What is centrifugal force? Explain this force with example. 
Ans: (a) Circular motion: 


The motion of an object in a circular path is known as circular motion. 


Example #1: 

Take a small stone. Tie it at one end of a string and 
keep the other end of the string in hand as shown in Wie a 
given figure. Figure 3.24: Circular motion ” a 


Example #2: 

The motion of the moon around the Earth in 2 
circular orbit is an example of circular motion. 
(b) Centripetal force: 

Centripetal force is a force that keeps a body to 
move in a circle. 
Explanation: 

Consider a body tied at the end of a string moving q 
with uniform speed in a circular path. The string to which a 
the body is tied keeps it to move in a circle by pulling the aa 
body towards the centre of the circle. The strine pulls the | ( : 
body perpendicular to its motion as shown in figure. 


Thus the pulling force continuously changes the id 
direction of motion and remains towards the centre of the sete ae (b) a 
circle. This centre seeking force is called the centripetal string is unable to provide the 


< iiaegenpeiiail 


force. required centripetal force 
Direction of centripetal force: : 
. Centripetal force always acts 
perpendicular to the motion of body. It k:.eps re 
the body to move in circle. \ - 
F » Seguin ee a on the stone 
ite cated es fosce acting on the string. 
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Example # 1: Ye 
%& A stone tied to one end of a siring rotating in a ( wa ) 
circle as shown in figure. The tension in the al 


string provides the necessary centripetal force. It Figure 3.27: A string provides necessary 
keeps the stone to remain in the circle. centripetal force 


Yr If the string is not strong enough to provide the Di " 
necessary tension, it breaks and the stone moves \ yi ow 
away along a langent to the circle as shown in « Wtiecace 
a Figure 3.27: a string is unable to provide 
given ligure. the required centripetal force 


Example # 2: The moon revolves around the Earth. ‘The gravitational force of the Earth 
provides the necessary centripetal force. 

Formula: Centripetal force needed by a body moving in a circle depends on the mass (m) 
of the body, square of its velocity (v) and reciprocal to the radius (r) of the circle. 


r 
Unit: Unit of centripetal force is newton. 
(c) Centripetal acceleration: Che acceleration which is produced by centripetal force 
is called centripetal acceleration. 
Formula: let a body of mass (m) moves with uniform speed 
(v) ina circle of radius (r), The acceleration a, produced by 


the centripetal force F. is given by. 
, 


DO YOU KNOW 


yi 
a, =— 
r 
Unit: Unit of centripetal acceleration is meter per second 
per second (ms ~*). 


(d) Centrifugal force: 


While the coaster car moves 


Centripetdl = Hs th : wii around the loop, the track 
entripetal reaction that pulls the string outward in provides centripetal force 


sometimes called the centrifugal force. preventing them to move away 
Explanation; Consider a stone tied to a string moving in @ | from thecirde. 


exc 
/ force 7 *, 


‘ 
Ceonunfupil 4 
force 


circle as shown in the figure. 
‘The necessary centripetal force acts on the stone 

through the string that keeps it to move in a circle. 
According to Newton's third law of motion, 

there exists a reaction to the certripetal force called ’ 

centrifugal force, Figure 3.28: eatsigated foun acting on 
Centripetal reaction that pulls the string | the stone and the centrifugal force acting 

outward is sometimes called the centrifugal force. on the string. 
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VD A stone of mass 100 g is attached to a string Im long. The stone is 
rotating in a circle with a speed of 5ms'. Find the tension in the string. 
Solution: m= 100g=0.1 kg 
v = 5m/s 
r = Im 
T# = 
Tension T in the string provides the necessary centripetal force given by 
my? 


¢ 


0.1 kg x (Sms')’ 
. Im 
T =2.5N 

Thus, tension in the string will be equal to 2.5 N. 

Q.18. Discuss the following applications of centripetal force. 

(a) Banking of the roads. (b) Washing machine dryer 

(c) Cream separator 
Ans: (a) Banking of the roads: 

When a car takes a turn, centripetal) force is 
needed to keep it in its curved track. The friction 
between the tyres and the road provides the necessary| ; 
centripetal force. The car would skid if the force of : & 
friction between the tyres and the road is not sufficient}: Radi ) 
enough particularly when the roads are wet. This ~— “AE >: 


problem is solved by banking of curved roads. Banking Figure 3.29: Outer edge of the curved 
of a road means that the outer edge of a road is raised.| road is elevated to skidding. 
Imagine a vehicle on a curved road such as shown in figure. Banking causes a component 
of vehicle's weight to provide the necessary centripetal force while taking a turn. Thus 
banking of roads prevents skidding of vehicle and thus makes the driving safe. 


{b) Washing machine dryer: 

The dryer of a washing machine is basket 
spinners. They have a perforated wal! having large 
numbers of fine holes in the cylindrical rotor as shown 
in figure. The lid of the cylindrical container is closed 
after putting wet clothes in it. When it spins at high 
speed, the water from wet clothes is forced out 
through these holes due to lack of centripetal force. 


Figure 3.30: Dryer of washing 
achines has perfec wall. 
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{c) Cream separator: Most modern plants use a Separator to 
control the fat contents of various products. A separator is a 
high-speed spinner. It acts on the same principle of centrifuge 
machines, The bowl spins at very high speed causing the 
heavier contents of milk to move outward in the bowl pushing 
the lighter contents inward towards the spinning axis. Cream or 
butterfat is lighter than other components in milk. Therefore, 
skimmed milk, which is denser than cream is collected at the 
outer wall of the bowl. The lighter part (cream) is pushed 
towards the centre from where it is collected through a pipe. 


Figure 3,31: A Cream 
separator 


~ SUMMARY 


e A force is a push or pull, It moves or tends to move, stops or tends to stop the 
motion of a body. 

@ = Inertia of a body is its property due to which it resists any change in its state of rest 
or uniform motion in a straight line. 

® Momentum of a body is the quantity of motion possessed by the body. Momentum 
of a body is equal to the product of its mass and velocity. 

@ = The force that opposes the motion of a body is called friction. 

@ Newton's first law of motion states that a body continues its state of rest or of 
uniform motion in a straight line provided no net force acts on it. 

@ Newton's second law of motion states that when a net force acts on a body, it 
produces acceleration in the body in the direction of the net force. The magnitude of 
this acceleration is directly proportional to the net force acting on it and inversely 
proportional to its mass. Mathematically, F = ma. 

@ SI unit of force is newton (N) It is defined as the force which produces an 
acceleration of | ins * in a body of mass of | kg. 

@ Mass of a body is the quantity of matter possessed by it. It is a scalar quantity. $I 
unit of mass is kilogramme (kg). 

© Weight of a body is the force of gravity acting on it, It is a vector quantity. S} unit 
of weight is newton (N). 

@ Newton's third law of motion states that to every action there is always an equal and 
opposite reaction. 

@ The acceleration and tension in a system of two bodies attached to the ends of a 
string that passes over a [rictionless pulley such that both moves vertically are given 
by: 

i 2mm, 


aS a 
m, +m, g m, +m, 8 
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3.1 
(i) 


(ii) 


The acceleration and tension in a system of two bodies attached to the ends of a 
string that passes over a frictionless pulley such that one moves vertically and the 
other moves on a smooth horizontal surface are given by: 


m, m, Mm, 
a=, +m,2 * = m+m,8 


Law of conservation of momentum states that the momentum of an isolated system 

of two or more than two interacting bodies remains constant. 

A force between the sliding objects which opposes the relative motion between 

them is called friction. 

Rolling friction is the force of friction between a rolling body and a surface over 

which it rolls. Rolling friction is lesser than the sliding friction. 

The friction causes loss of energy in machines and much work has to be done in 

overcoming it. Moreover, friction leads to much wear and tear on the moving parts 

of the machine. The friction can be reduced by: 

(i) Smoothing the sliding surfaces in contact. 

(ii) Using lubricants between sliding surfaces 

(iii) Using ball bearings or roller bearings. 

The motion of a body moving along a circular path is called circular motion. 

The force which keeps the body to move in a circular path is called the centripetal 
“a 

force and is given by F, = = f 

According to Newton's third law of motion, there exists a reaction to this centripetal 

force. Centripetal reaction that pulls the string outward is sometimes called the 

centrifugal force. 


SOLVED QUESTIONS ° 


Encircle the correct answer from the given choices: 
Newton's first law of motion is valid only in the absence of: 


(a) force (b) net force (c) friction (d) momentum 
Inertla depends upon: 
(a) force (b) net force (c) mass (d) velocity 
(iii) A boy jumps out of a moving bus. There is a danger for him to fall: 
(a) towards the moving bus (b) away from the bus 
(c) in the direction of motion (d) opposite to the direction of motion 


(iv) A string is stretched by two equal and opposite forces 10 N each. The tension 


in the string is: 
(a) zero (b) SN (c) 1ON (d) 20N 
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(v) The mass of a body: 
(a) decreases when accelerated (b) increases when accelerated 
(c) decreases when moving with high velocity (d) none of the above 
(vi) Two bodies of masses m, and m, attached to the ends of an inextensible 
string passing over a frictionless pulling such that both move vertically. The 


acceleration of the bodies is: 

 mxm, m, ~m, m, +m, 2m, m, 

@) m+m,® © m+m,® () n,—-m,® © m+m,8 
(vii) Which of the following is the unit of momentum? 

(a) Nm (b) kgms™ (c) Ns (d) Ns” 
(viii) When a horse pulls a cart, the action Is on the? 

(a) cart (b) Earth (c) horse (d) Earth and cart 
(ix) Which of the following material lowers the friction when pushed between 

metal plates? 

(a) water (b) fine marble powder (c) air (d) oil 


Ans: 1. friction 2. mass 3. opposite to the direction of motion 4. 10N 


m,-m 
5. none of the above 6. ee 7. Ns 8. Earth 9%. oil 


+m 

3.2 Detine the following terms: 

(i) Inertia (ii) Momentum (iii) Force  {iv) Force of friction 

(v) Centripetal force 
Ans: (i) Inertia: Inertia of a body is its property due to which it resists any change in 
its state of rest or motion. 
(ii) Momentum: Momentum of a body is the quantity of motion possessed by the body. 
Momentum of a body is equal to the product of its mass and velocity. 
(iil) Force: A force is a push or pull. It moves or tends to move, stops or tends to stop 
the motion of a body. The force can also change the direction of motion of a body. 
(iv) Force of Friction: A force between the sliding objects which opposes the relative 
motion between them is called force of friction. OR 

The force that opposes the motion of moving objects is called friction. 
(v) Centripetal force: The force which keeps the body to move in a circular path is 
called the centripetal force. 


3.3 What is the difference between: 
() Mass and weight (ii) Action and reaction 
(iii) Sliding friction and rolling friction 
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Ans: (i) Mass and weight: 


Weight 
Mass of a body is the quantity of]x” Weight of the body is equal to the 
matter that it possesses. force with which Earth attracts it. 
Mass is a scalar quantity Weight is a vector quantity. 


Mass remains same every where injs¥ Weight does not remain same cvery 
the Earth and does not change with where in the Earth and changes with 
change of place change of place. 

(ii) Action and Reaction: 


lefion 


w \t is a force that is exerted by alt¢ It is also a force which is exerted by 


body let A on the other body B is the second body let B on the first 
called action force. body A is called reaction force. 
(iii) Sliding friction and rolling friction: 


Sliding friction 


Ww A force between the sliding objects}*% Rolling friction is the force o 
which opposes the relative motion friction between a rolling body and 
between them is called sliding friction. the surface over which it rolls, 

The magnitude of sliding friction is}*? The magnitude of rolling friction is 
very large as compare to rolling very small as compare to sliding 
friction. friction, 

3.4 What is the law of Inertia? 

Ans: Newton's first law of motion deals with the inertial property of matter, so Newton's 
first law of motion is also known as law of inertia. 

Statement: A body continues its state of rest or of uniform motion in a straight line 

provided no net force acts on it. 

3.5 Why is it dangerous to travel on the roof of a bus? 

Ans: \f a person travels on the roof of a bus, it would be dangerous because when a bus 
takes a sharp turn, passengers falls in the outward direction. It is due to inertia that 
they want continue their motion in a straight line and thus fall outwards. 

3.6 Why does a passenger move outward when a bus takes a turn? 

Ans: When a bus takes a sharp turn, passengers fall in the outward direction. It is due to 
inertia that they want to continue their motion in a straight line and thus fall 
outwards. 

3.7 How can you relate a force with the change of momentum of a body? 

Ans: When a force acts on a body, it produces acceleration in the body and will be equal 
to the rate of change of momentum of the body. We can write it as; 
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Change in momentum = final momentum - initial momentum 
Pr — Pj = mvy— my; 
Thus, rate of change in momentum is given by. 


BR nf X41) 
I 


as, oh, =. 
t 
P, ~P 
So, ie = ma a (I) 
and Newton's second law of motion tells us that; 
F = ma 


By putting the value of F in eq. (1) 


which is the required relation. 


3.8 What will be the tension in a rope that is pulled from its ends by two opposite 
forces 100 N each? 


Ans: The total tension in the rope will be: 
T=100N 

3.9 Action and reaction are always equal and opposite. Then how does a body 
move? 

Ans; According to Newton's third law of motion, action and reaction are always equal 
and opposite in direction. But action and reaction forces always act on different 
bodies, so they do not cancel the effect of each other, and under this condition of 
forces the body moves irrespective to this, that action and reaction are equal but 
opposite in direction. 

3.10 A horse pulls the cart. If the action and reaction are equal and opposite then 


how does the carl move? 

Ans: As a horse pulls the cart, it is the action of the horse on the Eart, according to 
Newton's third law of motion, Eart also applics the equal amount of force as a 
reaction on the horse in opposite direction. This would be cancelled out, if both the 
forces act on one body, but these two forces act on two separate bodies so they 
would not cancel the effect of each other and the cart moves. 

3.11 What is the law of conservation of momentum? 

Ans: The momentum of an isolated system of two or more than two interacting bodies 
before and after the collisions remains the same is known as law of conservation of 
momentum. Let two bodies of masses m, and m2 moving with velocities v, and v2 
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respectively before collision and their velocities after collision become u, and u, 
respectively. According to the statement of law of conservation of momentum. 

mV, +M,Vv, =m,u, + m,u, 

3.12 Why is the law of conservation of momentum important? 

Ans: Law of conservation of momentum is very much important because it is applicable 
on all objects in the universe either larger or smaller, This law has vast applications. 
According to this law the momentum of an isolated system of two or more than two 
interacting bodies remains same. 

3.13 When a gun is fired, it recoils. Why? 

Ans: Consider a system of gun and a bullet. Before firing the gun, both the gun and bullet 
are at rest, so the total momentum of the system is zero. As the gun is fired, bullet 
shoots out of the gun and acquires momentum. To conserve momentum of the 
system, the gun recoils. According to law of conservation of momentum, the total 
momentum of the gun and the bullet will also be zero after the gun is fired. 
Therefore the gun recoils. 

3.14 Describe two situations in which force of friction is needed. 

Ans: There are many conditions in which friction is desirable, two of them is given 
below. 

(1) Friction is needed when we write, we cannot write if there would be no friction 
between the paper and the pencil. 

(2) Friction enables us to walk on the ground, we cannot run on slippery ground. A 
slippery ground offers very little friction. Hence, any body who tries to run on a 
slippery ground may meet an accident. 

3.15 How does oiling the moving parts of a machine lowers friction. 

Ans; By making the sliding surfaces as smooth as possible we can reduce the friction and 
for this, we apply any lubricant such as oil in the moving parts of machine. It will 
smooth the surfaces which are sliding and hence reduces the friction between these 
parts of a machine. 

3.16 Describe ways to reduce friction. 

Ans; The friction can be reduced by: 

(i) making the sliding surfaces as smooth as possible. 

(ii) making the fast moving objects a streamline shape (fish shape) such as cars, trains 
and aeroplanes, This causes the smooth flow of air around their bodies and thus 
minimizes air resistance at high speeds. f 

(iii) using lubricants between the sliding surfaces. 

(iv) using ball bearings or roller bearings. Because rolling friction is much less than 
sliding friction. 
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3.17 Why rolling friction is less than sliding friction? 

Ans: All surfaces have pits and bumps and when two such surfaces are in contact. Then 
contact points between the two surfaces form a sort of cold welds. These cold welds 
resist the surfaces from sliding over each other. More is the area of in contact 
surfaces more would be the friction. In sliding friction more area is in contact. For 
example, when the axel of wheel is pushed, the force of friction between the wheel 
and the ground at the point of contact provides the reaction force. The reaction 
force acts at the contact points of the wheel in a direction opposite to the applied 
force. The wheel rolls with out rupturing the cold welds. That is why the rolling 
friction is extremely small than sliding friction. 


3.18 What you know about the following: 
(i) Tension in a string. (li) Limiting force of friction 
(iii) Braking force (iv) Skidding of vehicles 
(v) Seatbelts (vi) Banking of roads 


(vii) Cream separator 
Ans: (i) Tension in a string: Consider a block supported by a string. The upper end of 
the string is fixed on a stand. Let w be the weight of the block. The block pulls the string 
downwards by its weight. This causes a tension "T" in the string. The tension T in the 
String is acting upwards at the block. As the block is at rest, therefore, the weight of the 
block acting downwards must be balanced by the upwards tension T in the string. Thus 
the tension T in the string must be equal and opposite to the weight w of the body. 
(ii) Limiting force of friction: Friction is equal to the applied force that tends to move a 
body al rest. It increases with the applied force friction has a maximum value. It does not 
increase beyond this. The maximum value of friction is known as the force of limiting 
friction (F,). It depends upon the normal reaction (processing force) between the two 
surfaces in contact. And mathematically. 

F,=yR 

where co-efficient of friction = # 

R = normal reaction 

F, = force of limiting friction 
(iii) Braking force: To stop a car quickly, a large force of friction between the tyres and 
the road is needed. But there is a limit to this force of friction that tyres can provide. If 
the brakes are applied too strongly, the wheels of the car will lock up (stop turning) and 
the car will skid due to its large momentum. It will lose its directional contro! that may 
-result in an accident. In order to reduce the chance of skidding, it is advisable not to 
apply brakes too hard that lock up their rolling motion especially at high speeds. Force 
exerted by brakes is called braking force. 
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(iv) Skidding of vehicles: To stop a car or vehicle quickly, a large force of friction 
between the tyres and the roads is needed. But there is a limit to this force of friction that 
tyres can provide. If the brakes are applied too strongly, the wheels of the car will lock up 
(stop turning) and the car will skid due to its large momentum. Its directional contro} will 
be lost and it would meet an accident. In order to reduce the chance of skidding, it is 
advisable not to apply brakes too hard that lock up their rolling motion especially at high 
speed. Moreover it is unsafe to drive a vehicle with worn out tyres. 

(v) Seat belts: in case of an accident, a person not wearing seatbelt will continue 

moving until stopped suddenly by something before him. This something may be a 

windscreen, another passenger or back of the seat in the front of him. Seatbelts are useful 

in (Wo Ways, 

(1) They provide an external force to a person wearing seat belt. 

(2) ‘The additional time is required for stretching seat belts. This prolongs the stopping 
time for momentum to change and reduces the effect of collision. 

(vi) Banking of the roads: 

When a car takes a turn, centripetal force is needed to keep it in its curved track. 

The friction between the tyres and the road provides the necessary centripetal force. The 

car would skid if the force friction between the tyres and the road is not sufficient enough 

particularly when the roads are wet. This problem is solved by banking of curved roads, 

Banking of a road means that the outer edge of a road is raised. Imagine a vehicle on a 

curved road. Banking causes a component of vehicle's weight to provide the necessary 

centripetal force while taking a turn. Thus banking of roads prevents skidding of vehicle 
and thus makes the driving safe. 

(vii) Cream separator: 

Most modern plants use a separator to control the fat contents of various products, 

A separator is a high-speed spinner. It acts on the same principle of centrifuge machines. 

The bowl spins at very high speed causing the heavier contents of milk to move outward 

in the bowl pushing the lighter contents inward towards the spinning axis. Cream or 

butterfat is lighter than other components in milk. Therefore, skimmed milk, which is 
denser than cream is collected at the outer wall of the bowl. The lighter part (cream) is 
pushed towards the centre from where it is collected through a pipe. 

3.19 What would happen if all triction suddenly disappears? 

Ans: lt there was no friction then we could not walk on the ground. Noting would be 
steady on the ground and it would be nearly impossible to keep things still as there; 
would be no force to oppose an object motion. Every thing would be slide around 
would not be stopped, There would be no sound because the waves have to be 
transferred with air friction, many things would be just sliding and sliding. Infact, 
noting would exist in universe, without friction. 
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3.20 Why the spinner of a washing machine is made to spin at a very high speed? 
Ans: Spinner of a washing machine is made to spin at a very high speed. Because when it 
spins at high speed. the water from wet clothes is forced out through these holes 
due to lack of centripetal force. 


SOLVED PROBLEMS 


3.1 A force of 20 N moves a body with an acceleration of 2ms*. What is its 
mass? 
Data: Force =F=20N 
Acceleration = a= 2 ms” 
To find out: Mass =” 
Formula: F =ma 


Answer: The required mass of the body is 10kg. 
3.2 The weight of a body is 147 N. What is its mass? (Take the value of g as 10 


ms”). 
Data: Weight =w= 147N 
Gravitational acceleration = g = 10 ms™ 
To find out: Mass = m=” 
Formula: Ww =mg 
Solution: By putting values . we get: 
w 
nm =— 
£ 
_ 147 
Te 


m =14.7kg 
Answer: The required mass of the body is 14.7 kg. 
3.3 How much force is needed to prevent a body of mass 10 kg from falling. 
Data: Mass = m= l0kg ‘ 
Gravitational acceleration = g = 10 ms™ ‘ 
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To find out: Force = F =? 
Formula: Inthiscase F  =w=mg 
Solution; By putting values, we get; 

F  =(10)(10) 


Answer: The required force to prevent a body of mass 10kg is 100N. 
3.4 Find the acceleration produced by a force of 100 N in a mass of 50 kg. 
Data: Force =F=100N 
Mass =m=50 kg 
To find out: Acceleration =a=? 


Formula: F = ma 
Solution: By putting valucs, we get: 
100 = (50) (a) 
(100) _ 
_ 


Answer: The required acceleration produced by a force is 2ms-2. 
3.5 A body has weight 20 N. Ifow much force is required to move it vertically 
upward with an acceleration of 2ms* ? 
Data: Weight = w=20N 
Acceleration =a=2ms~ 
To find out: Force =F =? 
Formula: F=ma 
Solution: Firstly, we will find out the value of mass by using this formula. 
w = mg 
By putting values, we get; 
20 
| 
m =2kg 
To determine the force, values are placed in the formula F = ma, we get; 
F = (2) (2) 
Total force = F = F, + F2 
=20+4=24N 
Answer: The required force to move the body vertically upward is 24 N. 


Visit www. .downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 123 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 


Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 
PHYSICS (EM) NOTES FOR 9** CLASS (PUNJAB) 


SSSSSSsSsSSSSSSS SSS SSS SSSSSSSSESSSESSSESSSSSSSSSSSSSeSsSeeeeeseoeceea 
3.6 Two masses 52kg and 48kg are attached to the ends of a string that passes 
over a frictionless pulley. Find the tension in the string and acceleration in 
the bodies when both the masses are moving vertically. 
Data: Gravitational acceleration =g = 10 ms ° 
Massof I body = Mm, =52kg 
Mass of II body = M, = 48 kg 
To find out: Tension = T=? 
Acceleration = a =” 
Formulas: Because both masses move vertically so formulas used in this case. 


m,~m, 


ii m, +m, & 


2m, m, 


T=, +m, 8 


Solution for acceleration. 


By putting values, we get: 


: (2e) 
*=\ 52448) !° 


4 
(i) 
4x10 40 
~ 100 100 


2m, m, 
~ m,+m, ® 


Solution for tension: 


By putting values, we get. 


52+48 
4992 4992 
= — x] SS =. 
104 A 10 


- 52x48) , 
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Answers: 
@ ‘The required acceleration in the bodies when both the masses are moving vertically 
is 0.4ms-2, 


@ The required tension ina string is SOON. 

3.7 Two masses 26kg and 24kg cre attached to the ends of a string which 
passes over a frictionless pulley. 26 kg is lying over a smooth horizontal 
table, 24 N mass is moving vertically downward. Find the tension in the 
string and the acceleration in the bodies, 

Data: Mass of I*body = m, = 24kg 

Mass of II™ body = m, =26kg 
Gravitational acceleration = g = 10 ms~ 
To find out: Tension = T=? 
Acceleration = a =? 

Formulas: In this case one body is moving horizontally on the surface of table while 

second body is moving vertically. 


So, 7 


Solution for the tension: 
i > 


By putting values, we get. 
ae (24)(26\10) 
24426 


m, +m, 


Solution for acceleration: 


By putting values, we get. 


o 
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Answers: @ The required tension ina string is 125 N. 
@ The required acceleration in the bodies is 4.8 ms~2. 
3.8 How much time is required to change 22 Ns momentum by a force of 20N? 


Data: Momentum = P = 22 Ns 
Force = F = 20 N 
To find out: time =t=? 
AP 
Formula: F = Ee 
Solution: By putting values in the formula, we get: 
tx 20 =22 
22 
' * 20 


Answer: The required time to change momentum is |.|s. 

3.9 How much is the force of friction between a wooden block of mass Skg and 
the horizontal marble floor? The coefficient of friction between wood and 
marble is 0.6. 

Data: mass =m=S kg 

coefficient of friction = 4 =0.6 

To find out: Force of friction =p=} 

Formula: F = umg 

Solution; By putting the values in formula, we get. 

F = (0.6) (5) (10) 


F =30N 
Answer: The required force of friction between a wooden block and marble floor is 
30N, 
3.10 How much centripetal force is needed to make a body of mass 0.5kg to 
move in a circle of radius 50 cm with a speed 3 ms '? 


Data: mass =m=0.5 kg 
radius = r= 50cm 
50. 
= 100 = 0.5m * ‘ 
speed =v =3ms' 
To find out: Centripetal force = F. =? 
Formula: y = — : 


r 


- 
. 
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saniatiens By putting the values in formula. we get. 
(0.5)(3)° 
0.5 
pe  _ BSH) 
[R =9N 
Answer: [he requried centripetal force of body is 9N. 
OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 
PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 


(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA 
RAWALPINDI, D.G. KHAN And BAHAWALPUR) 


¢ 


3.1 Force, Inertia and Friction 
3.2 Newton's Laws of Motion 
w Tick the correct answer. 


1. Inertia depends upon: (GRW. Gl, FBD. Gil, MLN. GI. SGD. GI, RWP. Gil) 
(A) mass (B) force (C) velocity (D) weight 

2. I Newton= : (GRW, GI & GI, EBD, Gil, DGK, GI, MLN, Gly 
(A) lkgms? (B)l kgms (C) tkgm's? (D) 1kg*s'm" 

3. The unit of momentum is: (FBD. Gi, SWL. Gl, LIIR. GU, SGD. GL & Gil, BWP. Gly 
(A) Nm (B) kgms-? (C) Ns (D) Ns"! 

4. The formula of Momentum is: (BWP, Gil) 
(A) P=Fa (B) P= mv (C) F=ma (D) F = mg 

5. Which of the following relation is corrects: (SGD. Gh 
(A) F=m-a (B) F=ma (C) F=m/a (D) F = a/m 

6. When a horse pulls cart, the action is on the: (LHR. GL. MLN, GH, SGD. GI) 
{A) Cart (B) Earth (C)Horse (D) Earth and cart 

7. Newton's first law of motion is valid only in the absence of: (Luk. Gi, GRW. Gl, RWP. GI) 
(A) Force (B) Net force (C) Friction (D) Momentum 

8. A String is stretched by two equal; 1d opposite forces 1ON each. The tension jn = 3 
the string is: (SWL. GD) 3 
(A) zero (B) SN (C) 1ON (D)20N 

' 9 The mass of a body: (SGD. G1, FBD. Gil, MLN. GID 

(A) Decreases when accelerated (B) Increases when accelerated . * 


~ 
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(C) Decreases when moving with high velocity (D) None of the above 


10. Two bodies of masses m, and mj attached to the ends of an inextensible string 
passing over a frictionless pulley such that both move vertically. The 
acceleration of the bodies is: (SGD, Gi) 

wees Qos ots wath 

Il. In SI the unit of weight is: (RWP. Gl, MLN. GI) 

(A) Kilogram (B) Newton (C) Meter (D) Joule 
12. A mass of 6 kg is moving with acceleration of 2 ms~. Force acting on it is: 
(DGK. GI) 
(A) 3N (B) 4N (C) 8N (D) 12N 
13. Rate of change of Momentum is called: (BWP. Gi & Gil, GRW. Gil, FBD. Gl, DGK. Gl) 
' (A) Torque (B) Distance (C) Force (D) Mass 
14. In isolated system the momentum after collision of two bodies is: (LHR. Gi) 
(A) Increases (B) Constant (C) Decreases (D) Zero 
15. The mass of a body at surface of earth is 16kg. Its weight will be: (FBD.G It) 
(A) 1600N (B) 160N (C) 1.6N (D) 0.16N 
16. Spring Balance is used to measure: (MLN, GI, BWP. GI) 
(A) Mass (B) Temperature (C) Weight (D) Length 


. A boy jumps out of a moving bus. There is a danger for him to fall: 


(SWL. GIL, RWP. Gly 


(A) towards the moving bus (B) away from the bus 
(C) in the direction of motion (D) opposite to the direction of motion 
1. mass 2. Ikgms*? 3, Ns 4. P=mv 5. F=ma 
m, xm; 
6. Earth 7. Netforce 8 10N 9% Noneofthe above 10. i +m, ® 
11, Newton 12. 12N 13. Force 14. Constant 15. 160N 
16. Weight 17. opposite to the direction of motion 
%x Give short answer to the following questions. 
1. Define Law of Inertia. (LHR. Gl, DGK. Gl) 


Ans, Newton's first law of motion deals with the inertial property 6 of matter, so Newton's ; 


first law of motion is also known as law of inertia. 
Statement: A body continues its state of rest or of uniform motion in a straight line 
provided no net force acts on it. 


oo 
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2. Define momentum and write the formula. (LHR. Gl. GRW. G1, DGK. GI & GI, BWP. Gl) 
Ans. Momentum: Momentum of a body is the quantity of motion it possesses due to its 
mass and velocity. 
Formula: The momentum P of a body is given by the product of its mass (m) and 
its velocity (v). 


P= mv 
3. Define inertia. (FBD. GI, MLN. GH LAR. GI) 
Ans. Inertia of a body is its property due to which it resists any change in its state of rest 
or motion, 
4. Differentiate between force and inertia. (DGK. GIL, BWP. Git) 


Ans. Force: A force is a push or pull. It moves or tends to move, stops or tends to stop 
the motion of a body. The force can also change the direction of motion of a body. 
Inertia: Inertia of a body is its property due to which it resists any change in its 
state of rest or motion. 

5. What is meant by dynamics? (GRW. GI) 

Ans. The branch of mechanics that deals with the study of motion of an object and the 
causes of its motion is called dynamics. 

6. Give two differences between mass and weight. 

Ans. Mass: (LIUIR. Gl & GH, MLN. GI, SGD. Gt & GI, SWL. G1, DGK. Gil, BWP. GD) 

% Mass of a body is the quantity of matter that it possesses. 

% = Mass is a scalar quantity 

Weight: 

%& ~~ Weight of the body is equal to the force with which Earth attracts it. 

%% Weight is a vector quantity. 

7.  Whatis the relation between force and momentum? = (FBD. GI. MLN. GU, RWP. GI) 

Ans. When a force acts on a body, it produces acceleration in the body and will be equal 
to the rate of change of momentum of the body. We can write it as; 

Change in momentum = final momentum - initial momentum 
P,— P= mvyp— mvj 
Thus, rate of change in momentum is given by. 


2 ae ph 
t 
‘ ese 
as, =a 
P, — 
So, Th = ma, (I) 
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and Newton's second law of motion tells us that; 
F = ma 
By putting the value of F in eq. (1) 
ae =F! which is the required relation. 

8. State Newton's First Law of Motion. (MLN, Gi. SWL. Gl, DGK. GI) 

Ans. "A body continues its state of rest or of uniform motion in a straight line provided 
no net force acts on it.” 

9. Give Law of Conservation of Momentum. (MLN. Gi, BWP, GH, FBD, GI, RWP. GH) 

Ans. Law of Conservation of Momentum: The momentum of an isolated system of 
two or more than two interacting bodies before and after the collisions remains the 
same is known as law of conservation of momentum. Let two bodies of masses m, 
and m2 moving with velocities v, and v> respectively before collision and their 
velocities after collision become u, and u, respectively, According to the statement 


10. Define Newton's third law of motion. Give an example. (SWL. Cl, GRW. Gl) 

Ans. Newton's third law of motion: "To every action there is always an equal but 
opposite reaction.” 
Example: Take an air-filled balloon, When the balloon is set free, the air inside it 
rushes out and the balloon moves forward. 

Il. What will be the tension in a string that is pulled from its ends by two 


opposite forces 100N each? (SWL, GI) 
Ans, The tension is the string is 100 N. 
12. State second law of Motion. (SGD. GI, BWP. GID 


Ans. Statement: When a net force acts on a body, it produces acceleration in the body in 
the direction of the net force, The magnitude of this acceleration is directly 
proportional to the net force acting on the body and inversely proportional to its 
mass. 

13. Prove that: F = ma (RWP. GI SGD. GI) 

Ans. Ifa force produces an acceleration "a" in a body of mass "m" then it can be stated 
mathematically that 
| 

: 1 


ax — 
m 


(ii) 
By combining eq. (i) and (ii) 


i a 
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ax F 
m 
a =kE 
F =ma v k=l 
14. When a gun is fired, it recoils. Why? (RWP, GI, BWP. Gl, FBD. Gl, MLN. GI) 


Ans. Consider a system of gun and a bullet. Before firing the gun, both the gun and bullet 
are at rest, so the total momentum of the system is zero. As the gun is fired, bullet 
shoots out of the gun and acquires momentum. To conserve momentum of the 
system, the gun recoils, According to law of conservation of momentum, the total 
momentum of the gun and the bullet will also be zero after the gun is fired. 
Therefore the gun recoils. 

1S. What is Atwood Machine? Give its one use. (DGK. GI, BWP. Gl, MLN. GI) 

Ans. Atwood machine: An atwood machine is an arrangement of two objects of unequal 
masses, Both the objects are attached to the ends of a string. The string passes over 
a frictionless pulley. This arrangement is sometime used to find the acceleration due 
to gravity by the following formula. 


+m, 
x s “mM, ‘“ 
16. A body of mass Skg is moving with a velocity of 10 ms“. Find the force 
required to stop it in 2 seconds. (DGK. Gi) 
Ans. m =Skg 
vy. =10ms' 
vy, =0 ms’ 
t. =+-\.28 
F.=2 
R= my, 
P =Skg*«10 ms! 
= 50 Ns 
PR =my 
P, =Skg*0 ms" 
‘ = ONs 
Since F amas 
_ 5ONs-ONs 
= 2s 
i ¢ =ZSN 
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Thus 25 N, force is required to stop the body. 
17. Why first law of Motion is called Law of Inertia? (BWP. GI) 
Ans. Newton's first law of motion deals with the inertial property of matter, therefore, 
Newton's first law of motion is also known as law of inertia. 
18. The weight of a body is 147N. what will be its mass? (Value of g is 10ms-) 


(LUR. GH) 
Sol. Weight =w=147N 
Gravitational acceleration = g = |Oms? 

To find out: Mass =m =? 
Formula: Ww =me 

= “¢ 
Solution: By putting values, we get: 

147 

10 =" 


Ans: The required mass of the body is 14.7 kg. 
19. Find the acceleration produced by a force of 100N in a mass of S0kg. 
(GRW. Gil, FBD. Gil, SWt_ Gi, SGD. Gil, RWP. Gil) 


Sol. Force =F=100N 
Mass =m=S0kg 
To find out: Acceleration =a=? 


Formula: F = ma 
Solution: By putting values, we get; 
100 =(50) (a) 


Ans: The required acceleration produced by a force is 2ms~. 
20. Define force and its SI unit. (RWP. G1, FBD. G1 & GH. DGK. GD 
Ans. Force: A force is a push or pull. [t moves or tends to move, stops or tends to stop 
the motion of a body. The force can also change the direction of motion of a body. 
Unit: In SI. unit of force is Newton (N). 
Newton: One newton (IN) is the force that produces an acceleration of Ims-? in a body ~ 
-of mass of | kg. 


- 
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21. How much force is needed to prevent a body of mass 10kg from falling? 


(RWP. GI) 

Data, Mass = m= l0 kg 

Gravitational acceleration = g = |0ms~* 
To find out: Force = F =? 
Formula: In this case = F =w=me 
Solution: By putting values, we get; 

. F  =(10)(10) 
F =100N 


Ans: The required force to prevent a body of mass | Okg is 100N. 
3.3 The Circular Motion 


3.4 Uniform Circular Motion 


% = Tick the correct answer. 
1. Which of the following materials lowers friction when pushed between metal 


plates: (LURK. GI & GU, FBD, Gi, MLN, GH, RWP. GI 
(A) Water (B) Fine marble powder (C) Air (D) Oi) 

2. Coefficient of friction be -veen tyre and dry road is: (GRW. GI) 
(A) 0.6 1 (C) 0.05 (D) 0.2 

3. The maximum value of friction is called: (RWP. GD) 
(A) Cold Welds (B) Normal reaction 
(C) Limiting friction (D) Kinetic friction 

4. The value of co-efficient of friction between ice and wood is: (RWP.G 1) 
(A) 0.29 (8) 0.05 (C) 0.2 (D) 1.0 

5. The force that opposes the motion of moving objects is called: (Fav. Gu, DGK. Gh 
(A) Inertia (3) Centripetal force (C) Friction (D) Centrifugal force 

6. When the cyclist stops pedaling, bicycle stops due to? (SWL. GH 
(A) friction (3) momentum (C) weight (D) mass 

7. Centripetal force always act to the motion of body: = (SWL. GL GRW. GI 
(A) opposite (3) parallel (C) perpendicular (D) at an angle of 45° 

8. Formula to find the centripetal acceleration is: (WGK. GL, SWL. GI, SGD. GI 

v" v Vv mv 

(A) > (B) Pl (C) - (D) 

9. A force that keeps a body to move in a circle is called the force of: (DGK. GI) 
(A) Gravitational (3) Centripetal (C) Centrifugal (D) Field 
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10. Formula to determine Centripetal Force is: (BW?. GI, FBD. Gl, SWL. Gil) 
3 y 3 mv 
(Ay *T- (By ey (D) 
11. If velocity of the body becomes double, then centripetal force will be: (RwP. Gt) 
(A) Half (B) Three times greater 
(C) Double (D) Four times greater 
1, Oil Z| 3. Limiting friction 4. 0.05 5. Friction 
Pd 2 
6. friction 7. perpendicular 8. a 9. Centripetal 10. = 


11. Four times greater 

¥ Give short answer to the following questions. 

1. Describe two ways to reduce friction. (LEER. Gil, FBD, Gil, BWP. GH, MLN. GI) 

Ans. The friction can be reduced by: 

{i) Making the sliding surfaces as smooth as possible, 

(it) Making the fast moving objects a streamline shape (fish shape) such as cars, trains 
and aeroplanes, This causes the smooth flow of air around their bodies and thus 
minimizes air resistance at high speeds. 

2. Why rolling friction is less than sliding friction? (LER. GH. PGK. GU, BWP. Gi) 

Ans. All surfaces have pits and bumps and when two such surfaces are in contact. Then 
contact points between the two surfaces form a sort of ccid welds. These cold welds 
resist the surfaces from sliding over each other. More is the area of in contact 
surfaces more would be the friction. In sliding friction more area is in contact. For 
example, when the axel of wheel is pushed, the force of friction between the wheel 
and the ground at the point of contact provides the reaction force. The reaction 
force acts at the contact points of the wheel in a direction opposite to the applied 
force, The wheel rolls with out rupturing the cold welds. That is why the rolling 
friction is extremely small than sliding friction. 

3. What type of shoes are better for jogging and why? (GRW. GD 

Ans, The rough surface shoe is better for jogging. Because it suffer more friction and 
prevent from sliping. 

4. What is meant by cvefficient of friction? Write its mathematical form. 

Ans. Co-efficient of friction: (GRW. GH, GRW. GI) 

lhe ratio between the force of limiting friction Fs and normal reaction R is 
constant. This constant is called the co-efficient of friction and is represented by p. 
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+ s-% f § } | F } } | f+ | | § } | fF | | Ff fF | } fF } Ff F | Ff Ff F | § F Ff Ff fF FF } fF fF fF Ff fF FF Ff fF Ff Ff FF FFF 
F 
Formula: / = R 


If m is the mass of the block. then for horizontal surface 


R = mg 
Fo = pmg 
iw 
mg! 


5. Differentiate between sliding friction and rolling friction. (SWL. Gl, FBD. GI) 

Ans. Sliding friction: 

wv A force between the sliding objects which opposes the relative motion between 
them is called sliding friction, ; 

vr ‘The magnitude of sliding friction is very large as compare to rolling friction. 

Rolling friction: 

* ~~ Rolling friction is the force of friction between a rolling body and the surface over 
which it rolls. 

Ye - The magnitude of rolling friction is very small as compare to sliding friction. 

6. Write down any two advantages and disadvantages of friction. 

(GRW. GI, MLN. G1, EBD. Gi, SWL. Gl. & GH, RWP. Cl) 

Ans. Advantages of friction: 

(i) ft can not be written if there would be no [riction between paper and pencil. 

(ii) Friction enables us to walk on ground. We can not run on a slippery ground because 
it offers very little friction. 

Disadvantages of friction: 

(i) Friction is undesirable when moving with high speeds because it opposes the 
motion and thus limits the speed of moving objects. 

(ii) Most of our useful energy is Jost as heat and sound due to the friction between 
various moving parts of machines. 

7. What is meant by rolling friction? (GRW. GI, MLN. Gil) 

Ans. Rolling friction is the force of friction between a rolling body and a surface over 
which it rolls. Rolling friction is much smaller than the sliding friction. 

8. What is the reason for sliping on wet ground? Explain. (FBD. Gi) 

Ans. Friction enables us to walk on wet ground. We cannot run on a slippery ground 
because it offers very little friction. 

%. Define friction and write equation, (SWL. GI, FBD. GI) 

Ans, The force that opposes the motion of moving objects is called friction. 


i 
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ie. F=pR 

10. How does cream separator work? (GRW. GI, RWP. GI & GI) 

Ans. A separator is a high-speed spinner. It acts on the same principle of centrifuge 
machines. The bow! spins at very high speed causing the heavier contents of milk to 
move outward in the bow! pushing the lighter contents inward towards the spinning 
axis. Cream or butterfat is lighter than other components in milk. Therefore, 
skimmed milk, which is denser than cream is collected at the outer wall of the bowl. 
The lighter part (cream) is pushed towards the centre from where it is collected 
through a pipe. 

11. Define and write down equation of centripetal force. 

(SGD. GI & GU, LR, Gl, RWP. G1, BWP. GI) 

Ans. Centripetal force: The force which keeps the body to move in a circular path is 

called the centripetal force. 


S =. 
r 
12. Define Centripetal Force and Circular Motion. (BWP. Gil) 
Ans. Centripetal force: 
The force which keeps the body to move in a circular path is called the centripetal 
force. 
F= mv 


Circular motion: 
The motion of an object in a circular path is known as circular motion. 


13. Define the centrifugal force. (LURK. GI) 
Ans. Centripetal reaction that pulls the string outward is sometimes called the centrifugal 
force. 
REESE 
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G STUDENTS LEARNING OUTCOMES 
After studying this unit, the students will be able to: 
>» define like and unlike parallel forces. 
state head to tail rule of vector addition of forces/yectors 
describe how a force is resolved into its perpendicula 
components. 
> determine the magnitude and direction of a force from its 
perpendicular components. 
> define moment of force or torque as moment = force x 
perpendicular distance from pivot to the line of action of force. 


Vv 


> explain the tuning effect of force by relating it to everyday life. 

> state the principle of moments, Conceptual Linkage 
> define the centre of mass and centre of gravity of a body. s chapter Is built on 
> define couple as a pair of forces tending to produce rotation. ~ Science ~ V 
> prove that the couple has the same moments about all points. ("=*" 

>» define equilibrium and classify its types by quoting examples 


from everyday life. 
> state the two conditions for equilibrium of a body. 
> 


stability of simple objects. 


INVESTIGATION SKILLS: 
> determine the position of centre of mass/gravity of regularly Xs 
and irregularly shaped objects. 


SCIENCE, TECHNOLOGY AND SOCIETY CONNECTION: 


> illustrate by describing a paractical application of moment of |47 


door/windows handles etc. 
>» describe the working principle of see-saw. 
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» demonstrate the role of couple in the steering wheels and bicycle pedals. 

» demonstrate through a balancing toy. racing car etc, that the 
stability of an object can be improved by lowering the centre rr 
of mass and increasing the base area of the objects. 

Can the nut of the axle of a bike be loosened with hand? BP... 

Normally we use a spanner as shown in figure 4.1. A spanner | Figure 4.1; We can loose 

increases the turning effect of the force. @ nut with @ spanner. 


vv 


Look at the picture on the previous page. What is the 
joker doing? He is trying to balance himself on a wooden 
plank which is placed over a cylindrical pipe. Can we do the 
same? A baby gradually learns to stand by balancing herself. 
Women and children in the villages often carry pitchers with 
water on their heads such as shown in figure 4.2, With a little 
effort we can learn to balance a stick vertically up on our 
finger tip. Balanced objects are said to be in equilibrium. In 
this unit, we will learn many interesting concepts such as] Figure 4.2: Children carrying 
torque, equilibrium, ctc. their applications in daily life. pitchers on thier heads. 


WEM Like and Unlike Parallel Forces 


Q./. What are parallel forces? Explain. What are the types of parallel forces? 
Give example to support you answer. 
Ans: Parallel forces: 
The forces which are parallel] to each other are called parallel forces. 
Explanation: 
Many objects in our surrounding are observed by us on which many forces are 
acting. It is found that all or some of the forces acting on a body in the same direction. 
For example, many people push a bus in the same direction ‘to start it. All these 
forces are parallel to cach other. 
Types of parallel forces: 
There are two types of parallel forces. 
(i) Like parallel forces (ii) Unlike parallel forces 
(l) Like parallel forces: 
Like parallel forces are the forces that are parallel to each other and have the same 
direction. 
Example # 1: 
' Given figure shows a bag with apples in it. The weight of the bag is due to the 


h 


' 
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, weight of all the apples in it. Since the weight of every 
apple in the bag is the force of gravity acting on it 
vertically downwards, therefore, weights of apples are the 
paralle] forces, All these forces are acting in the same 
direction, so called parallel forces. et 
Example # 2: Weight of cach apple 


forces are representing by F, and F,. Both forces have sam¢ 
direction so these are called paralle! forces. 


(ii) Unlike parallel forces: 
Unlike parallel forces are the forces that are parallel but 


have directions opposite to each other. o 
Example # 1: \n the given figure an apple is suspended by a 
string. The string is stretched due to weight of the apple. 7 
Two forces are acting in this case. 
(i) Weight of the apple acting vertically downwards. Figure 4.4: Unlike parallel 


(ii) Tension in the string pulling it vertically upwards. 

These two forces are paralle! but opposite to each other so called unlike parallel 
forces. . 
Example # 2: 

In the given figure, forces F, and F, are unlike 
parallel forces, because they are parallel and opposite to 
each other. But F, and F, are not acting along the same "7 
line and hence they are capable to rotate the body. tare a 


RFA Addition of forces 


Q.2. What is the resultant force? How vectors can be added by head to tail rule? 
Explain your answer. 

Ans: Resultant force: A resultant force is a single force that has the same effect as the 

combined effect of all the forces to be added. 

Vector quantity: Force is a vector quantity. 11 has both magnitude and direction. 

Addition of forces: Forces are not added by ordinary |M should be noted that head to 


; ; - can be used to add any number). 
arithmetical rules. When forces are added we get a resultant st tenes: Thasncter ne I 
force. resultant force gives the max 


One of the methods for the addition of forces is a jand direction of the resultant force. 
graphical method. In this method forces can be added by head to tail rule of vector 
addition, 
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Addition of vectors: Vectors are not added by ordinary arithmetical rules. The vectors 
can be added by head to tail rule. 
Head to tail rule: A graphical method is used to find the resultant of two or more forces 
or vectors, called the head to tail rule. 
Explanation: Given figure shows a graphical method of vector adcition. 


Head to tail rule method can be understood stepwise. , oa 
—- i 4 
s 


(1) First select a suitable scale 
R 8 


(2) Draw the vectors of all the forces according to the scale 
such as vectors A and B. 

(3) Take any one of the vectors as first vector ¢.g., vector A. 

(4) Draw next vector B such that its tail coincides with the 
head of the first vector A. 

(5) Draw the next vector for the third force (if any) with its . 
tail cuinciding with the head of the previous vector and Figure 4.5: Adding vectors by 
so on. head fo tail rule 

(6) Draw a vector R as shown in the figure. The tail of vector R is at the tail of vector 
A, the first vector, while its head is at the head of vector B, the last vector. 


Vector R represents the resultant force completely in magnitude 
and direction. 


Find the resultant of three forces 12 N along x-axis, 8N making an 
angle of 45° with x-axis and 8N along y-axis. 
Solution: iiere FF, = 12 N alony x-axis 


F, = 8 N along 45° with x - axis. 
F, =8 N along y-axis 
Scale: | cm = 2N 

(i) Represent the forces by vectors F,, F; and F3 according . 
to the scale in the given direction. —. ; 

(ii) Arrange these forces Fy, Fz and F3. The tail of force Fy y" P.4 ; 
coincides with the head of force Fy at point B as show = . 
in figure. Similarly the tail of force F3 coincides with the —— 
head of force F2 al point C. 

(iii) Join points A to D. Point A is the tail of the force Fy and . se 
point D is the head of force F3. According to head to tai c 
rule, force F represents the resultant foree. F, 

(iv) Measure the vector AD. K r, 8 

(v) Multiply length of the force F by the scale (2Ncm™') tO) Figure 4.6: Adding forces by 
find the magnitude of the resultant force F, Head to tail rele 
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(vi) Measure the angle Z DAB using a protractor which the force F makes with x-axis 
to find the direction of resultant force. 


REY Resolution of Forces 


0.3. What are perpendicular components? How resolution of forces can be 
defined? Explain the process of resolution of forces? Also find out the 
value of x and y component of a force? 

Ans: Perpendicular components: if a force is formed from two mutually perpendicular 

components then such components are called its perpendicular components. 

Resolution of forces: Spliting up of a force into two mutually perpendicular 

components is called the resolution of that force. 

Explanation: 

{i) Consider a force F represented by line OA making an angle 
6 with x-axis as shown in given figure. 

(ii) From point A, draw a perpendicular AB on x-axis 

(iti) According to head to tail rule, OA is the resultant of 
vectors represented by OB and BA. 

Formula of resultant force: 

OA=OB+BA 
Resultant force = x-component + y-component 
In the above figure OB represents x-component F, and BA represents its 
y-component F, , 
F=F, +F, 

Perpendicular components: In the above figure components OB and AB are 

perpendicular to each other. They are called the perpendicular components of OA 

representing force A. 

Vaule of x-component (F,): Value of x-component (F,) of vector (F) can be found by 

using the trigonometric ratios. 


Xx 


P, 
Figure 4,7: Resolution of a 
force 


In right angled triangle OBA 
Base 
cos 8 = ————— 
Hypotenuse 
a. 
cos = DA 
F. 
cos 9 aoe 
F cos 0 = EF 
$0, PF =Fcos0 (tl) 


5 
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Frain | | 30° | 45° | oo? | 0 
sino | 0 | 05 | 0707 | ones | 1 
eos | 1 | 0866 | o707 | 05 | 0 
Pan | 0 fos} 1 fim] = 


Value of y-component (F,): 


Value of y-component (F,) of force (F) can be found by using the trigonometric 
ratios. 

In right angled triangle; 

sin @ = Petpendicular 


Hypotenuse 
BA 
sin8 = OA 
8 - “ 
sin F 
F sin me F, 
50, A =Fsin9 (2) 


Equations (1) and (2) give the perpendicular components F, and PF, respectively 


Some Trignometric Ratios 
The ratios between any of its two sides of o right ongled triangle are given certain names such as sine, cosine 
etc. Consider a right ongled triangle A ABC having angle () at A. 
B 


= 
3 
-] 
= 
va 
i 


sin@= Papotirier. = = 
Hypotenuse AB 


N making 30° with the road. Find the horizontal and vertical components 


of its force. 
Solution: F =200N 
4 6 =30° with the horizontal 
F. = ? 
F =9 
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Since F, =Fcos® 


or F, =200xcos 30° 
F, =200«0.866 
=173.2N 
Similarly F, =F sin 0 
or F, =200x sin 30° 
= 200*0.5 
=100N 
Thus, horizontal and vertical components of the pulling force are 173.2 N and 100 
N respectively. 
Mini Exercise 


In a right angled traingle lenght of base is 4cm and its perpendicular is 3cm. 
Find: (i) Lengthofhypotenuse (ii) sinO (lif) cosO (iv) _ tan 6 
Ans: (i) Length of hypotenese: 
(Hypotenuse) = (Base)? + (Perpendicular? —> (i) 
According to given situation a triangle is drawn as shown in figure. 


Base = 4m y ue 
Perpendicular = = Sem 
The value of hypotenuse can be fosad out by wsing eq ()). 
(Hypotenvse? = = (4 + GY = 
(Hypotenuse)? = +9 (ili) As we know: 
(Hypoteause)? = 23 Base 
By taking ender root on both side: cos6 == Fiypotenuse 
Hypotenuse) = (25 3 
VHypotemuse) = \i25) wa 3 
[Hypotenuse = Sem] od = O8 
(il) As we know, {y) As we know: 
ant ‘ feat te wnt -m Perpendicular 
lypotenuse Base « 
ino = 2 tng = 3 
sin 8 = 06 ton 6 = 075 
0.4. How magnitude and direction of a force from its perpendicular components 
can be found? Explain. 


Ans: Determination of the force: 

A force can be resolved into two perpendicular components. Its reverse is to 
determine the force knowing its perpendicular components. 
(i) Consider F, and F, as the perpendicular components of a vector F- 
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(ii) These perpendicular components F, and F, are 
represented by lines OP and PR respectively as shown 
in the figure. 
According to head to tall rule: 
According to head to tail rule 
OR=OP+PR 
(i) According to Figure OR represents the force, 


(ii) OP represent the x-component of the force (F,). 
(iii) PR represents the y-component of the force (F, ). 

So: F= F. + P, 
Magnitude of Force F: The magnitude of the force F can be determined using the right 
angled triangle OPR. 

(Hypotenuse)? = (Base)? + (Perpendicular)? 

(ORY =(OPY + (PRY 
Mm «wk? . Fe 


p= RP+E: 
Direction of Force F: 


The direction of force F with x-axis is given by using the trigonometric ratio. 
perpendicular 


tang = oo 
PR 
tan 9 = Op 
O im 
tan F. 
6 F 


4.4 | Torgue or moment of a force 


0.5. How will you define rigid body, axis of rotation and torque. Explain your 
answer with examples. 
Ans: Rigid body: 

A body is composed of large number of smail particles. If the distances between all 
pairs of particles of the body do not change by applying a force then it is called a rigid 
body. OR 

A rigid body is the one that is not deformed by force or forces acting on it, 
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Axis of rotation: Consider a rigid body. As it rotates, its 
particles move in fixed circles. A fixed line that passes through 
the centres of these circles is called axis of rotation of the body. 
Example: When a door is opened or closed by pushing or 
pulling it. Push or pull turn the door about its hinge or axis of 
rotation, , 
Torque: The turning effect of a force is called torque or} 
moment of the force. 
Examples: 
(i) When a door is opened or closed by pushing or pulling it. 
It is only due to the turning effect on the force acting on it, 
(ii) Turning pencil in a sharpener 
(iii) Turning stopcock of a water tap. ~~ 
(iv) Turning door knob Figuro 4d: Turning effect 
The Location where force Is applied in the case of torque: of forces 
A door can opened or closed more easily by applying a force at the outer edge of a 
door rather near the hinge. Thus, the location where the force is applied to turn a body is 
very important. 
Factors on which torque depends: 
The factors on which torque or moment arm depends are give 


below. 
(1) Force (2) Moment arm 

Explanation: |t might have seen by us that a mechanic y= = 

uses a spanner as shown in figure to loosen or tighten a 

nut or a bolt. oy 
A spanner having long arm helps him to do it with 


Moment arm 
greater ease than the one having short arm. It is because a= 
the turning effect is different in the two cases. 


The relation of torque and moment arm: The torque 
produced by a force using a spanner of longer arm is 
greater than the torque produced by the same force but 
‘using a spanner of shorter arm. 
Q.6. What is torque? On which factors it depends? Define these factors? What is 
the formula and unit of the torque? 
Ans: Torque: The turning effect of a force is called torque or moment of force. 
Factors on which torque depends: Torque depends on two factors. 
{i) Line of action of force 
(ii) Moment arm 


\ 
‘ 
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(i) Line of action of force: The line along which a 
force acts is called the line of action of the force, In the | * 
given figure line BC is the linc of action of the force (F). 
(ii) Moment arm: The perpendicular distance between 
the axis of rotation and the line of action of the force is 
called the moment arm of the force. B: 

Moment arm is represented by distance (L) in given Figure 4.12: Factors affecting 
figure. the moment of a force. 
Relation of force and torque: Torque and force are directly proportional! to cach other. 
Greater is the force, greater is the moment of the force or torque. 

Relation of moment arm and Torque: 

Torque and moment arm are directly proportional to each ocher. So longer is the 
moment arm, greater is the moment of the force or torque. 

Formula: The moment of the force or torque t is determined by the product of force F 
and its moment arm L. 

Mathematically 

Torque t = LF 
Unit: SI unit of torque is newton-metre (Nm). A torque of | Nm is caused by a force of 
IN acting perpendicular to the moment arm | m long. 


RED Principle of moments | 
Q7. Explain the principle of moments. 


Axis al 
rotation 
nh 


action Force 


Vv 
s 
_ 

ro) 

2 
& 
a 


wan n banner 


Ans: Principle of moment: 
A body is balanced if the sum of clockwise moments acting on the body is equal to 
the sum of anticlockwise moments on it. OR 


A body initially at rest does not rotate if sum of al] clockwise moments acting on it 
is balanced by the sum of all the anticlockwise moments acting on it. This is known as 
the principle of moments. 

Types of principle of moments: A torque or moment of the force has two types. 

(i) Clockwise moment (ii) Anticlockwise moment F 
Example of clockwise moment: A force that turns a 
spanner in the clockwise direction is generally used to 
tighten a nut as shown in figure (a). The torque or moment 
of the force so produced is called clockwise moment, 


Example of anticlockwise moment: To loosen a nut, the 


force is applied such that it turns the nut in the anticlockwise 


wv 


direction as shown in figure (b). The torque or moment of} Force 


the force 50 produced is called anticlockwise moment. Figure 4.13: tb) to loosen, nut is 
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QUICK QUIZ: 
Name some more objects that work by the turning effects of forces. 


Aas: 

(1) Torque is produced when a force is applied to paddle of a bicycle. Because by applying force Its wheel: 
experience the rotational effect. 

(2) Torque is produced when a forca is applied to the door to open. 

QUICK QUIZ: Small Large 

1. Cana small child play with o fat child on the see-saw? Explain fees res 
how? 4 Wearetg | 
: Yes, they cam play on see sow, the fat child has larger weight that’s mean wr 
larger force and smaller child has smaller weigh! and smaller force. So in 
order to play, larger weight should be at smaller distance from the contre 
of the see saw and the smaller weight should be at larger distance from the J J 
centre of the see saw. In another situation o fat child cannot play with a 
small child if they have equal distances from the centre see-saw. 
Two children are sitting on the see-saw, such that they can not 
swing. What is the net turque in this situation? 
: Net torque in this situation is zero. Becawse clockwise torque will cancel the 
effect of antichockwise torque. 

MINI EXERCISE 
A force of 150 N can loosen « nut when applied at the end of a spauner 10 cm long. 

1. What should be the length of the spanner fo loosen the same nut with a 60 N force? 


2. How much force would be sufficient fo loosen if with a 6 cm long spanner? 
Data: Force = 150N 


Figure 4.14: Children on see-saw. 


length = 10cm = O.lom 
T = Pee 
T = 150x601 
tT += I5N 
Ans: (1) length = ? (2) fore =? 
Fo= 60 Length = £ = bcm 
T= 1M 6 
As we know = Too = on 
T= Fx? T = 15H 
IS = bhxé . a 
15 = Fx0.06 
= é 15 
oll a6" 
£= O25 - 
é = 025x100 R= 2eN 
& = Bo 
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A metre rod is supported at its middle point O as shown in figure. The block 


of weight 10N is suspended at point B, 40 cm from O, Find the weight of 
the block that balances it at point A, 25cm from O. 


w. w¥ 
Figure 4.15; Balancing a metre rod on a wedge 


Solution: w, =? 
Ww, =10N 
Moment arm of W, = OA = 25 cm =0.25m 
Moment arm of W, = OB = 40 cm = 0.40m 
Applying principle of moments; 


Clockwise moments = Anticlockwise moments 
+ moment of W, = moment of W, 

or W)*momentarm of ¥, = W, xmomentarm of W, 
Thus W, OA = W, x<OB 
or w, *0.25m = 10N *0.40m 

10N«0.40m 
or WO = 

0.25m 
w, =I16N 


Thus, weight of the block suspended at point A is 16 N. 


XH Centre of mass 


Q.8. Define and explain the centre of mass. 
Ans: Centre of mass of a system is such a point where an applied force causes the system 
to move without rotation. 
Explanation: 
It is observed that the centre of mass of a system moves as if its entire mass is 
_ confined at that point. A force applied at such a point in the body does not produce any 
torque in it i.e. the body moves in the direction of net force (F) without rotation, 
Centre of mass can be understood by following cases. 
Consider a system of two particles A and B connected 
by a light rigid rod as shown in figure. 
Let O is a point anywhere between A and B. 


Figure 4.16: 
two 
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Case I: 

Let a force is applied at point O. If the system 
moves in the direction of force F without rotation 


such as shown in figure, then point O is the centre of Figure 4.17: A force applied at COM 


mass of the system. moves the system without rotation. 
Case Il: 

When the force is applied near the lighter 
particle, the system moves as well as rotates as 
shown in figure. 


Case Ill: 

When the external force acts near the 
heavier particle, the system moves as well as 
rotates as shown in figure. 


when a force is applied away from COM. 


Q.9. Define and explain the centre of gravity. 
Ans: Centre of gravity: 
The centre of gravity of a body is defined as a point where the whole weight of the 
body appears to act vertically downward. 
Explanation: A body is made up of a large number of | — Cenire of Gravity 
particles as illustrated in given figure. 
The pull of the Barth acting on a particle is equal 
to its weight. These forces acting on the particles of a 
body are almost parallel. 
The resultant of all these parallel forces is a single Wale 
force equal to weight of the body. A point where this] Figure 4.20: Contre of gravity of « 
resultant force acts vertically towards the centre of the spe el ape a 
Earth is called the centre of gravity G of the body. 
Use of centre of gravity: It is useful to know the location of the centre of gravity of a 
body in problems dealing with equilibrium. 
Q.10.How centre of gravity of symmetrical shapes objects can be found? Give 
examples to justify the answer. 
Ans: The centre of gravity of objects which have symmetrical shapes can be found from 


their geometry. 
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Example #1: Centre of gravity of uniform rod: 
The centre of a gravity o7 a uniform rod lics at a point where it is balanced. This 
balance point is its middle point G as shown in figure 


; - entre erences 


Pleure 4.21: centre of gravity is at the middle of a vile rod. 
Example #2: (Centre of gravity of a square or a 
rectangular shape): 

The centre of a gravity of a uniform square or a 
rectangular sheet is the point of intersection of its 
diagonals as shown in figure. 

Example #3: (Centre of gravity of a circular disc): 

The centre of a gravity of a uniform circular disc is as its 
centre as shown in figure, 

Similarly, the centre of gravity of a solid sphere or hollow 
sphere is the centre of the spheres as shown in figure. 


Example #4: Centre of gravity of a triangular sheet. 

The centre of a gravity of a uniform triangular sheet is 
the point of intersection of its medians as shown in give 
figure. 


Example #5: Centre of gravity of a circular ring 
The centre of a gravity of a uniform circular ring is the 
centre of the ring as shown in the figure. 


Example #6; Centre of gravity of a uniform solid or 
hollow cylinder. 

The centre of a gravity of a uniform solid or hollow 
cylinder is the middle point on its axis as shown in the figure. 


Q.11. How will you find out the centre of gravity of an irregular shaped thin 
lamina? Explain. 
Ans: A simple method to find the centre of gravity of a body is by the use of a plumb-line 
Plumb-line: 
A plumb-line consists of a small metal bob (lead or brass) supported by a string. 
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Explanation: In the apparatus of plumb line when the bob 
is suspended freely by the string, it rests along the vertical 
direction duc to its weight acting vertically downward as 
shown in the given figure. 

In this state, centre of gravity of the bob is exactly 
below its point of suspension. 
Experiment: By using the following procedure centre of 
gravity of any irregular shaped body can be found out. wv) 
1. Take a flat irregular piece of cardboard. Figere 4.23: (a) Plombline (b) 

- _ | Locating the centre of gravity of o 
2. Make few holes A,B and C near its edge as shown in| piece of cardboard by using 

figure. plumbline 

3. Fixanail ona wall, 

4. Support the cardboard on the nail through one of the holes (let it be A). So that the 
cardboard can swing frecly about A. The cardboard will come to rest with its centre 
of gravity vertically below the nail. 

5. Vertical line from A can be located by means of a plumbline hung from the nail. 
Mark a line on the cardboard behind the plumbline. 

_ 6. Repeat it by supporting the cardboard from hole B. The line from B will intersect at 
a point G. 

7. Repeat it by supporting the cardboard from hole C. Check that this line also passes 
through G. 

Conclusion: It will be found that all vertical lines from holes A, B and C have a common 

point G. This common point G is the centre of gravity of thc cardboard. 


Couple 
Q.12. What is couple? Give examples. How total torque produced by the couple 
can be found out? 
Ans: Couple: A couple is formed by two unlike parallel forces of the same magnitude but 
not along the same line. 
Example # 1: : Do You Know? 
When a driver turns a r "Ee 
vehicle, he applies forces that 
produce a torque. This torque 
turns the steering wheel. These 
forces act on opposite sides of 
the steering wheel as shown in 


figure. These forces are equal in | Figure aos Asie to alg - te 
. . . steering Ww! pedal 
magnitude but opposite in | coupe. ee dag tone se pitt) rem 
direction. These two forces form making the rear wheel of the 
bicyde fo rotate. 


a couple, 


gz 
E 
= 


dy 
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Example # 2: A double arm spanner is used to open a nut. Equal forces each of 
magnitude F are applied on ends A and B of a spanner in opposite direction as shown in 
given figure. 

These forces form a couple that turns the spanner about point O. 
Directions of torque produced by the forces of couple: » 
The torques produced by both the forces of a couple have . 


oe? 
the same directions. NA - -& 


Total torque produced by the couple: 


The total torque produced by the couple will be. Figure 4.25: A double arm 
Total torque of the couple = FxOA+FxOB spanner 
=F (OA + OB) 
Torque of the couple =FxAB _—s (ii?) 
Equation (1) gives the torcue produced by a couple of forces F and F separated by 


distance AB. 


The torque of the couple is given by the product of one of the two forces and the 
perpendicular distance between them. 
4.8 BRS 


0.13. What is equilibrium? Into how many types it is divided? Explain with 

examples. 
Ans: Equilibrium: 

A body is said to be in equilibrium if no net force acts on it. 
Types of equilibrium: 

Equilibrium has two types. 

(1) Static equilibrium (2) Dynamic equilibrium 
(1) Static equilibrium: A body is said to be in static equilibrium if no net force acts on 
it and it is present in rest state. 
Newton's View: Newton's first law of motion tells us that a body 
continues its state of rest if no resultant or net force acts on it. 
Example #1: A book lying on a table is an example of 
equilibrium. This equilibrium is static. The weight of the book 
acting downward is balanced by the upward reaction of the 
table. 
Example # 2: A picture hanging on a wall is an example of 
equilibrium. This equilibrium is also static. 


Example #3: Consider a log of wood of weight (w) supported by ropes as shown in 
figure. Here the (w) is balanced by the forces F, and F, pulling the log upward. 
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(2) Dynamic equilibrium: A body is said to be in dynamic 
equilibrium if not net force acts on it and it is present in the 
state of motion. 

Newton's View: Newton's first law of motion tells us that a 
body continues its state of uniform motion in a straight line 
if no resultant or net force acts on its. 

Example: \n case of objects moving with uniform | Figure 4.26: The fores ating on 
velocity. the resultant force acting on them is zero. nome’ ie brad ip ri Fy 
1. A car moving with uniform velocity on a levelled road. 
2. An acroplane flying in the air with uniform velocity. 


Q.14. How many conditions a body has to be in equilibrium. Define and explain 
the lst condition of equilibrium. 
Ans: There are two conditions for a body to be in equilibrium. 
(i) First condition of equilibrium (ii) ~Second condition of equilibrium 
(i) First condition of equilibrium: A body is said to satisfy first condition for 
equilibrium if the resultant of all the forces acting on it is zero. 


Explanation: 
Letn number of forces F,, F,. Fy. .0..s..- F, are acting on a body such that 
F, + F, 5 5 r, P iceorena F, =0 
or <= F=0 (1) 


Equation (1) is called the first condition of equilibrium. 
Sigma (2X): The symbol (2) isa Greek letter called sigma used for summation. 
Alternative method to represent the 1st condition of equilibrium: 

The first condition of equilibrium can also be stated j 
terms of x and y-components of the forces acting on the body as. 

F, a +F. =0 


Steere rear eetenteneree 


and, Fi, +F,; +F, 


OR DR =O-and 2F,.=0 
Example #1; A book lying on a table or a picture om on ¢ 
wall, are at rest and satisfy first condition of equilibrium. a 
Example #2: A paratrooper coming down with termina ; 

Figure A paratrooper 
velocity (constant velocity) also satisfies first condition fo ic meg pte 
equilibrium and is thus in equilibrium. velocity ts In equilibcism 
A block of weight 10 N is hanging through a cord as shown in 

figure. Find the tension in the cord. 
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Solution: Weight of the block w =10N 
Tension in the cord T =? 
Applying first condition of equilibrium 


rF, =0 

There is no force acting along x-axis. 
=F, =0 
T-w =0 

or T =w 

or T =10N 


Thus, the tension in the cord is 10 N, 
0.15. Define and explain the second condition of equilibrium. 
Ans: Second condition of equilibrium: A body satisfies second condition of equilibrium 
when the resultant torque acting on it is zero. 
Formula: Mathematically, second condition of equilibrium can be written as; 

zr =0 

Explanation: First condition for equilibrium does not ensure that a body is in 
equilibrium. This is clear from the following example. 


Example: 

¥ Consider a body pulled by the forces F, and F, as shown 
in figure (a). 
lhe two forces are equal but opposite to each other. Figere 4.30: (a) Two equal 
Both are acting along the same line, hence their resultant| 94 _ — 
will be zero. sic 


According to first condition, the body will be in equilibrium. 


¥¢ Now shift the location of the forces as shown in figure (b). 
In this situation, the body is not in equilibrium although the 
first condition for equilibrium is still satisfied. 1 is because the 
body has the tendency to rotate. This situation demands another 
condition for equilibrium in addition to the first condition of 
equilibrium. This is called second condition of equilibrium. 


QUICK QUIZ: 


1. Aladder leaning at a wall as shown in figure is in equilibrium. How? 
Ans: A ladder leaning at a wall bs im equilibrium. Becouse the weight of the ladder 


produces an anticlockwise torque. The wall pushes the ladder af its top end thus 
produces a dockwise torque. Aaticlockwise and dockwise torque will cancel the 
’ affect of each other. 
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2. The weight of the ladder in figure produces an anticlockwise torque. The wall pushes the ladder at its 
top end thus produces a dockwise torque. Does the ladder satisfies second condition for equilibrivm? 

Ans: Yes the ladder satisfies second condition for equilibrium because the clockwise torque will cancel the effect of 

anticockwise torque. So the resultont torque acting in this situation is zero. 

3. Does the speed of a ceiling fan go on increasing all the time. 

Ans: Mo the speed of a celling fan does nol go on increasing all the time. It 
remains at constant speed. 

4. Does the fan satisfy second condition for equilibrium when rotating 
with uniform speed? 

Ans: Yes a rotating ceiling fan satisfy second condition lor equilibrium. Because a 
ceiling fan rotating at constant speed is in equilibrium as net torque acting 


A uniform rod of length 1.5m is placed over a wedge at 0.5m from 
its one end. A force of 100N is applied at one of its ends near the wedge to 
keep it horizontal. Find the weight of the rod and the reaction of the wedge. 


A rod balanced over a wedge 
Solution: F =I100N 
OA =0.5m 
AG-BG =0.75m 
OG = AG-AO =0.75m-0.5m 
=0.25m 
w=? 
R =? 
Applying second condition for equilibrium, taking torques about O. 
zr. =0 
FXxAO+Rx0-wxOG =0 
100N*0.5m —w*0.25 m =0 


or wx0.25m = 100Nx0.5m 
_ LOON*0.5m 
wv *0.25m 
w =200N 
Applying first condition for equilibrium 
=F, =0 
R-F-w =0 
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R -100 N ~ 200 N =0 
or R =300N 
Thus, weight of the rod is 200N and reaction of the wedge is 300N. 
0.16.There are how many states of equilibrium. Define and explain them with 
examples, 
Ans: There are three states of equilibrium. 
(1) Stable equilibrium 
(2) Unstable equilibrium 
(3) Neutral equilibrium 
(1) Stable equilibrium: 
A body is said to be in stable equilibrium if after a slight tilt it 
returns to its previous position. 
Relation of centre of gravity with stable equilibrium: | 
When a body is in stable equilibrium, its centre of gravity is at 
the lowest position. When it is tilted, its centre of gravity rises. !t 
returns to its stable state by lowering its centre of gravity. A body remains in stable 
equilibrium as long as the centre of gravity acts through the base of the body. 
Example #1: 
Consider a book lying on the table. Tilt the book slightly about its one edge by 
lifting it from the opposite side as shown in the given figure. It returns to its previous 
position when sets free. Such a state of the body is called stable equilibrium. 


Figure 4.33: Stable equilibrium (a) A book is lying on a table (b) The book retums to its previous position 
when lot free after a slight tilt. 
Example # 2: A vehicle is made heavy at its bottom to keep its centre of gravity as low 
as possible. A lower centre of gravity keeps it stable. The base of a vehicle is made wide 
0 thal the vertical line passing through its centre of gravity should not get out of its base 
during a turn. 
Explantion: Consider a block as shown in figure. 
% ~~ When the block is tilted, its centre of gravity (G) rises. If the vertical line through G 
passes through its base in the tilted position as shown in figure (b). 
The block returns to its previous position. 
_. % — If the vertical line through G gets out of its base as shown in figure (c). 
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The block does not return to its previous position. It topples over its base and 
moves to new stable equilibrium position. 


Figure 4.34: (a) Block in stable equilibrium (b) Slightly tilted block is returning to its previous position. 
(c) A more tilted block topples over its base and does not return to its provious position. 


(2) Unstable equilibrium: 
If a body does not return to its previous position when 
sets free after a slightest till is said to be in unstable 
equilibrium. 
Relation of unstable equilibrium with centre of gravity: 
The centre of gravity of the body is at its highest 
position in the state of unstable equilibrium. As the body ca 
topples over «bout its base (tip), its centre of gravity moves Figure 4.35: A double decker 
towards its lower position and does not return to its previous} bus being under test for 
position, 
Example: 
Take a pencil and try to keep it in the vertical position on its tip as shown in the 
given figure (4.36). 
Whenever this pencil is left, it topples over about its 
tip and falls down. This is called unstable equilibrium. In 
unstable equilibrium, a body may be made to stay only for 


Topple over 
’ 


a moment. Thus a body is unalsle to keep itself in the state 
of unstable equilibrium. 
(3) Neutral equilibrium: if a body remains in its new 


Pe ? 
position when disturbed from its previous position, it is ed 


suid to be in a state of neutral equilibrium. fe paloctnes “a te r a 


Relation of centre of gravity with neutral equilibrium: with contre of gravity G at the 
In neutral equilibrium the centre of gravity of the | highest position. (b) Pencil topples} 


body remains at the same height, irrespective to its new over coused by the torque of its 
weight acting at G. 


| 


position, 
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Example: Take a ball and place it on a horizontal 
surfuce as shown in given figure. 
Roll the ball over the surface and leave it after| . 


displacing it from its previous position. It remains in its Ma sree. (6), 


new position and does not return to its previous position. green a equilibrium (a) 
This is called neutral equilibrium. . parme 


surface (b) the ball remains in its 
Some more examples of neutra! equilibrium: new displaced position. 


There are various objects which have neutral equilibrium such as, a sphere, a roller, 
a pencil lying horizontally, an egg lying horizontally on a flat surface etc. 


BEB Stability and Position of centre of mass 


Q.17. How stability relates with the centre of mass? Give examples. 

Ans: The position of centre of mass of an object plays an important role in their 
stability. 

Low position of centre of gravity: To make the objects stable, their centre of mass must 
be kept as low as possible. 

Example # 1: For the maximum stability, racing cars are made heavy at the bottom 
and their height is kept to be minimum. 


Example # 2: 
Circus artists such as tight rope walkers use long poles 
to lower their centre of mass. In this way they are prevented a 


trom topple over. 
Example # 3: 
The given figure shows a sewing needle fixed in a cork. 


Example # 4: The given figure (a) shows a 
perched parrot which is made heavy at its tail for 
the maximum stability. 
Example # 5: The given figure (b) shows a toy 
that keeps itself upright when tilted. It has a heavy 
semi-spherical base. When it is tilted, its centre of (a) 
mass rises. It returns to its upright position at | Figure 4.39: (a) A perched parrot (b) A self 
which its centre of mass is at the lowest. righting toy 

Above all objects return to their stable states when disturbed. 

In cach case the centre of mass is vertically below their point of support. This 
makes their equilibrium stable. 
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SUMMARY 


@ = Parallel forces have their lines of action parallel to each other. 

@ = If the direction of paralle] forces is the same, they are called like parallel forces. If 
two paralle] forces are in opposite direction to cach other, then they are called 
unlike parallel forces. 

@ The sum of two or more forces is called the resultant force. 

A graphical method used to find the resultant of two or more forces is called the 
head to tail rule. 

© Splitting up a force into two mutually perpendicular components is called the 
resolution of that force. These components are 

F. = Fcos0,F, = Fsin8 


@ A force can be determined from its perpendicular components as F = 


wk 

6 — tan E 

@ Torque or moment of a force is the turning effect of the force. Torque of a force is 
equal to the product of force and moment arm of the force. 

® According to the principle of moments, the sum of clock-wise moments acting on a 
body in equilibrium is equal to sum of anticlockwise moments acting on it. 

© Centre of mass of a body is such a point where a net force causes it to move without 
rotation. 

@ The centre of gravity of a body is a point where the whole weight of a body acts 
vertically downward. 

© <A couple is formed by two parallel forces of the same magnitude but opposite in 
direction. 

© =A body is in equilibrium if net force acting on it is zero. A body in equilibrium 
either remains at rest or moves with a uniform velocity. 

© A body is said to satisfy second condition for equilibrium if the resultant torque 
acting on il is zero. 

© A body is said to be in the stable equilibrium if after a slight tilt it returns to its 
previous position. 

@ Ifa body does not return to its previous position when sets free after slightly tilt is 
said to be in unstable equilibrium. 

© A body that remains in its new position when disturbed from its previous position is 
said to be in a state of neutral equilibrium. 
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SOLVED QUESTIONS ogessse 


4.1 Encircle the correct answers from the given choices. 
(i) Two equal but unlike parallel forces having different line of action produce: 
(a) atorque (b) acouple (c) equilibrium (d) neutral equilibrium 
(ii) The number of forces that can be added by head to tail rule are: 
(a) 2 (b) 3 (c) 4 (d) Any number 
(iii) The number of perpendicular components of a force are: 
(a) | (b) 2 (c) 3 (d) 4 
(iv) A force of 10 N is making an angle of 30° with the horizontal. Its horizontal 
component will be: 
{a) 4N (b) SN (c) 7N (d) 8.7N 
(v) A couple is formed by: 
(a) two forces perpendicular to cach other (b) two like parallel forces 
{c) two equal and opposite forces in the same line 
(d) two equal and opposite forces not in the same line 
(vi) A body is in equilibrium when its: 
(a) acceleration is uniform (b) speed is uniform 
(c) speed and acceleration are uniform (d) acceleration is zero 
(vii) A body is in neutral equilibrium when its centre of gravity: 


(a) is at its highest position (b) is at the lowest position 
(c) keeps its height if displaced (d) is situated at its bottom 
(viii) Racing cars are made stable by: 
(a) increasing their speed (b) decreasing their mass 
(c) lowering their centre of gravity (d) decreasing their width 
Ans: (i) acouple (ii) any number (iii) 2 (iv) 8.7N 


(v) two equal and opposite forces not in the same line (vi) acceleration is zero 
(vil) keeps its height if displaced (viii) lowering their centre of gravity 
4.2 Define the following: 
(i) Resultant vector (ii) Torque 
(iii) Centre of mass (iv) Centre of gravity 
(i) Resultant vector: A resultant vector is a single vector that has the same effect as 
the combined effect of all the vectors to be added. 
(ii) Torque: The turning effect of a force is called torque or moment of the force. It is 
determined by the product of force F and its moment arm L. It is denoted as T. In SI 
_ units, the unit of torque is Newton-meter (Nm). 
(ii) Centre of mass: Centre of mass of a system is such a point where an applied force 
causes the system to move without rotation. 
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(iv) Centre of gravity: The centre of gravity of a body is defined as a point where the 
whole weight of the body appears to act vertically downward, 
4.3. Differentiate the following: 

(i) Like and unlike forces (ii) Torque and couple 

(iii) Stable and neutral equilibrium 
(i) Like and unlike forces: 
Like Forces Unlike Forces 
Like forces are also called like parallclli. Unlike forces are also called unlike 
force parallel] forces. 
ii. Like force are the forces that have thelii. Unlike forces are the forces that are in 
same direction to each other. the opposite direction to cach other. 
iii, A bag has a large number of apples injiii. An apple is suspended by a string. The 
it, the weight of all the apples is acted) string is stretched by the weight o 
vertically downward so these all forces} apple. Weight is actcd downward but 
are in same direction, called like forces.| tension in the string is actede in upward 
direction. These are unlike forces. 


Tension 


Weight of cach apple 
Figure: Like parallel forces 
(ii) Torque and couple: 
Torque Couple 
. The turning effect of a force is calledji. A couple is formed by two unlike 
torque or moment of force parallel forces of the same magnitude 
but not along the same line. 
ii. To produce a torque we need only onelii. To produce a couple we need two 
force atleast, unlike parallel forces atleast. 
iii. The torque is produced by a force F andjiii. Torque of the couple = FxAB in this F 
the moment arm. represents force and AB represents the 
distance between two forces. T h e€ 
torque produced by a couple force F and 
; F separated by the total distance (AB), 
that is the couple arm. 
liv. Torque by a force is the product of forcejiv. The torque of a couple is given by the 
F and its moment arm. product of one of the two forces and the 
perpendicular distance between them. 


ai 


Figure: Unlike parallel forces along the same line 
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(iii) Stable and neutral equilibrium: 


Stable equilibrium Neutral equilibrium 


i. A body is said to be in stableji. If a body remains in its new position 
equilibrium if after a slight tilt it} when disturbed from its previous, it is 
returns to its previous position. said to be in a State of neutral equilibrium. 

i. When a body is in stable equilibrium,|ii. In neutral equilibrium, the centre of 


its centre of gravity is at the lowest} gravity of the body remains at the same 
position. When it is tilted, its centre o height, irrespective to its new position, 
gravity rises. It returns to its stable 
State by lowering ils centre of gravity. |iii.The rolling ball is an example of neutral 
iti. A book placed on the table horizontally} equilibrium. 
is an example of stable equilibrium. 
4.4 How head to tail rule helps to find the resultant of forces? 

Head to tail rule is a graphical method of vector addilion. In this method according 
to a selected scale we draw all the forces according to their magnitude. Take any force as 
a first vector and the second force starts from the head of first vector by starting it with a 
tail so that tail of second vector coincides with the head of first vector. Similarly, draw all 
the forces. 


Such that head of previous vector coincides with the tail of next vector. By drawing 
all the vectors in this manner, draw a resultant force, which starts from the tail of first 
force and its head coincides with the head of last force. 

4.5 How can a force be resolved into its perpendicular components? 

To resolve a force into its rectangular component, draw the resultant force 
according to its magnitude on the selected scale and required direction. 

Then draw a perpendicular from the head of this resultant force to the x-axis and by 


joining make the y-component of the resultant force as below, 
y Y. 


x 

The F, is the y-component of thal vector and can be found as: 
F, =F sin® 

and F, is the x-component of that vector and can be found as: 
F. =F cos@ 
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4.6 When is a body said to be in equilibrium? 
A body is said to be in equilibrium if it follows both conditions of equilibrium, 
A body is in equilibrium if net force acting on it is zero, and a body is said to be in 
equilibrium if the resultant torque acting on it is zero, 
IF =0, or ZF =0, TF, =0 
<It =0 
4.7 Explain the first condition for equilibrium. 
The body is said to satisfy first condition for equilibrium if the resultant of all the 


forces acting on it is zero. Let 'n' number of forces F,,F,,§,, ........... F, are acting on a 
body such that 
BR FEAF sccsssvives +F, =0 
or LE =0 


The symbol = is a Greek letter called sigma used for summation. 

The first condition for equilibrium can also be stated in terms of x and 
y-components of the forces acting on the body as: 

Ft Bag thet siscscisions Rog 

and Fi,+F,,+h, + 

or <=F.=0 and &F =0 
4.8 Why is there a need of second condition for equilibrium if a body satisfies first 

condition for equilibrium? 

The first condition for equilibrium ™ , 
does not ensure that a body is in equilibrium. on WN ek i ite 
Consider a body pulled by the forces F and = \_ 

F, , the two forces are equal but opposite to each other. These forces are not acted along 
the same line as given in figure. 

The first condition of equilibrium is although satisfied but the body has tendency to 
rotate. This situation demands another condition for equilibrium that is the second 
condition of equilibrium, a body satisfies second condition of equilibrium when the 
resultant torque acting on it zero, Zt = 0 
4.9 What is second condition for equilibrium? 

According to the second condition for equilibrium, a body satisfies second 
condition for equilibrium when the resultant torque acting on it is zero. Mathematically; 
it =0 
4.10 Give an example of a moving body which is in equilibrium. 

A paratrooper coming down with terminal velocity (constant velocity) is in 


equilibrium as all the forces acting on it is equal to zero, which satisfies the first 
condition of equilibrium. 
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4.11 Think of a body which is at rest but not in equilibrium. 

There is not a single body in the universe which is at rest but not in equilibrium. 
4.12 Why cannot a body be in equilibrium due to single force acting on It? 

For a body is said to be in equilibrium it is necessary that the net force acting on a 
body is zero and the sum of all the torques acting on a body is zero. These two conditions 
can not be satisfied if there is one force only. Because there is not any other force which 
nullify the effect of this force to keep the body in equilibrium and hence, this single force 
tends to move or rotate the body according to its point of application. So, if a single force 
is applied on a body, it could not be in equilibrium i.c 

IFz 0 
Xr+ 0 
4.13 Why the height of vehicles is kept as low as possible? 

Vehicles are made heavy at the bottom and their height is kept to be minimum. This 
lowers their centre of gravity ard helps to increase their stability. Because to make them 
Stable, their centre of mass must be kept as low as possible. Therefore, height of vehicles 
is kept as low as possible. 

4.14 Explain what is meant by stable, unstable and neutral equilibrium. Give one 
example in each case. 

Stable equilibrium: A body is said to be in stable equilibrium if after a slight tilt it 
returns to its previous position. When a body is in stable equilibrium; its centre of 
gravity is at the lowest position. When it is tilted, its centre of gravity rises. Body returns 
to its stable state by lowering its centre of gravity. . 
For example: A vehicle is made heavy at its bottom to keep its centre of gravity as low 
as possible. A lower centre of gravity keeps it stable. 
Unstable equilibrium: If a body does not return to its previous position when sets free 
after a slightest tilt is said to be in unstable equilibrium. 

The centre of gravity of the body is at its heighest position in the state of unstable 
equilibrium. 
For example: ‘ake a pencil and try to keep it in the vertical positioa on its tip. Whenever 
we leave it, the pencil topples over about its tip and falls down. In unstable equilibrium, a 
body may be made to stay only for a moment. 
Neutral equilibrium: !f a body remains in its new position when disturbed from its 
Previous position, it is said to be in a state of neutral equilibrium, 

In neutral state of equilibrium the centre of gravity of the body remains at the same 
height, irrespective to ils new position, 

For exampie: When we roll a ball on a horizontal surface and leave it after displacing it 
from its previous position. It remains in its new position and does not return to its 
previous pusition, 

pS iS 
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SOLVED PROBLEMS 
4.1 Find the resultant of the following forces: 
() 10 N along x-axis (ii) 6 N along y-axis and 
(iii) 4 N along negative x-axis 
Data: Force | = F; — JON along x-axis 
Force 2 = F2 = 6N along y—axis 
Force 3. = F3 = 4N along negative x—axis 
Required: (a) Find the resultant of all the above forees =F =? 
(b) direction = 6 =? 
Formulas: By using the following equations; 


P= /F,'+E,’ 
(F 
@=tan'} + 


Solution: As we know that in x-direction two forces are acted. So, first find the resultant 
of them: 


F, = 10N-4N=6N 
F, =6N “. [4N along negative x-axis] 
F, =6N 
Now by using the relation; 
F = Vv F,” =) FE” 
By putting values, we get. 
F = Ve? +6" 
F = ¥36+36 
F = /72 


F =8.5N 


FE 
Now: 0=tan| 5) 
. F. 


By putting values, we get 
. . 0 tan ~1 (¢ \ 
direction 6) 


direction = © = tan™ (|) 


Answer: Hence the resultant force is 8.5 N making 45° with x-axis. 


? 


Visit www. .downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 165 of 364) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9" CLASS (PUNJAB) 


SSSSSSssSsSSSSSSSSSSSSSSSSSSSSSESSSESSSSSSSSSSSSSSSSesseSeessoeoeece5 
4.2. Find the perpendicular components of a force of 50 N making an angle of 
30° with x-axis. 
Data: Magnitude of resultant force = F =50N 
Angle made by resultant foree with x-axis = 8 = 30° 
Required: Find the rectangular components of a force F. 
F. = x-component of the force =? 
P= y-component of the force =? 
Formulas: As we know that; 
F =Fcos0 
and =F =F sin® 
Solution: From the figure. 
The resultant of horizontal and vertical components is: 
F =SON P 
x-component of the force: F =FsinO 
F. =Fcos8 A) x 
By putting values; we get O(0.0) 
F, =50cos(30°) -. @ =30° 
FL =50 0.866 
y-component of the force: 
F. =F sin@ 
By putting the values in this equation, we get: 
F, = 50 sin (30°) 
FL = 500.5 
F, =25N 


F.=Feos0 


Answers: Hence the rectangular components of the force; 

x-component = F, ~43.3N 

y-component = F, =25N 
4.3 Find the magnitude and direction of a force, if its x-component is 12 N and 

y-component is SN. 
Data: x-component of the force = F, = 12 N 
y-component of the force = F, =5.N 

Required: (a) Find the magnitude of the resultant force =F =? 


(b) Find the direction of the resultant force =@§=? 
Formulas: By using the basic relation of the resultant vector from its rectangular 


—- 
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components, we get 


(a) i VF ¥ y, 


Solution: As we know the relation, to find the magnitude of a resultant vector: 


p= JF?+E? 


By putting values in the above equation, we get 


F Ja2y? +(5)° 
F = 144425 = /169 


(6) By using the following relation we can find the direction of resultant froce; 


soa 


By putting the values; we get: 


5 
0 = un) 
8 = tan" (0.417) 
(a) The magnitude of the resultant force =F=13N 


(b} The angle of the resultant force with x-axis = @ = 22.6° 
4.4 A force of 100N is applied perpendicularly on a spanner at a distance of 
10cm from a nut. Find the torque produced by the force. 
Data: Magnitude of Force = F =100 N 
Force applied perpendicular to the spanner = 6 = 90° 
Moment arm = L = 10 em = 10*]0 7m 
Required: Find the torque produced by the force = tT —? 
Formula: By using the basic relation; 
torque = Force x moment arm * sin®@ 
Tt =FxL*sin® 
Solution: By using the above relation 
t=FLsin 8 
By substituting the values in above equation; 
T =(100) (0.1) sin90° 
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t =(10)(1) * sin 90°= I 


Answer: The torque produced by the force = tT = 10 Nm 
4.5 A force is acting on a body making an angle of 30° with the horizontal. The 
horizontal component of the force is 20 N. Find the force. 
Data: Horizontal component of the force — F, -20 N 
The force acting on a body making an angle with the horizontal = 0 = 30° 
Required: force = F =? 
Formula: By using the basic relation of rectangular component as 
F. =F cos 6 
Solution: As we know that, x-component of the force is given as; 
Fo =Feos 0 
By rearranging the equation; 
_ E 
.* cos 0 
By substituting the values in above equation; 
20 


n cos (30°) 


20 
>= —— [F =23.1N] 
' 0.866 


Answer: The magnitude of the resultant force F = 23.1 N 
4.6 The steering of a car has a radius 16 cm. Find the torque produced by a 
couple of 50 N. 
Data: The steering of a car has a radius = r = 16cm = 0.16m 
‘The force acting on the steering = F=50N 
Required: Find the torque produced by a couple = t =? 
Formula: By using the following relation: 
Torque of the couple = force * perpendicular distance between them 
Let the perpendicular distance = diameter of the steering 
~2r 
Torque of the couple =F x2r 
Solution: By using the given relation, 
Torque of the couple = F * 2r.......... () 
By putting values in the above equation I, we get. 
Torque of the couple = (50) (2 * 0.16) 
Torque of the couple = (50) (0.32) 


E = torque of the couple =16 Nm 


, Answer: The required torque of the couple T = 16 Nm 


F “~ 8 =30° 
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4.7 A picture frame is hanging by two vertical strings. The tensions in the strings 
are 3.8 N and 4.4 N. Find the weight of the picture frame. 
Data: A picture frame is hanging by two vertical strings, 
The tension in one string =T, =3.8N 
The tension in the second string = T, =44N 
Required: Find the weight of the picture frame =w =? 
Formula; By using the first condition of equilibrium; 
LF =0 


Solution: As we know the equation of first condition of equilibrium; =F =0 
or we can write it as 


IF. =0 
ZF, =0 
Since there is no force acting in the horizontal direction so, 
IF =0 (satisfied) 
Now for the force acting along the y-direction; 
rF, =0 
4 + 4 +w =0 


By putting values; we get. 
3.8-44+w =0 
—8.2+w =0 
Answer: The weight of the picture frame = w = 8.2 N 
4.8 Two blocks of masses 5 kg and 3 kg are suspended by the 
strings as shown. Find the tension in each string. 


Data: The mass of one block = Mm, = Skg 
The mass of the second block = M, =3 kg 
Both masses are suspended by two strings: 
Required: Find the tension in each string = T = ? 
Means: (a) Tension in one string = 7, =? 
(b) Tension in other string= T, = ? 
Formula: We can use the basic relation of the equilibrium: 
ZF, =0 
or tension in string= weight of the body 
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t =w 

and w =mg 
Solution: For finding tension T,, we can use the equation 
oo (D) 
and we know that w= meg 
put in equation [ mg = T, 
By putting values , we get 
T, =(3) (10) 


[T, =30N] 
As for finding the tension T, in the upper string, the total weight is contributed so, 
the weight for this part of string is 


w = mg 
w = (mj + m2)g 
w = (3+5)(10) 
w = 8x10 


and as we know that: 
Tension = weight 


. axe 
T, =80N] 
Answers: The tension in one string = T, =30N 


The tension in second string = 1, —- 80N 
4.9 A nut has been tightened by a force of 200 N using 10 cm long spanner. 
What length of a spanner is required to loosen the same nut with 150 N 
force? 
Data: The force applied to tightanut =200N= Fj 


Moment arm or the lenght of spanner = L, = 10 cm 

The new force applied to lose the nut = F, = 150 N 
Required: Length of a spanner is required to loosen the same nut = L., =? 
Formula: As we know that by providing condition 


T=FxL - 
Solution: By using the above equation of torque 
T= F, x L, 
By putting values; we get. 
t T, = (200) (10) 
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Now according to the providing condition, 
7, =} =E xl, 
By putting values , we get 


20 = 150= L, 
By rearranging the equation: 
biweoe 
~ 150 


or L, = 0,133 m= 0.133100 = 13.3 
L,=13.3em 
Answer: 


Hence the required new length of the spanner to open the same nut = L,= 13.3cm 

4.10 A block of mass 10 kg is suspended at a distance of 20 cm from the centre 
of a uniform bar 1 m long. What force is required to balance it at its centre 
of gravity by applying the force at the other end of the bar? 


Data: The mass of the block =m=l0kg 
distance of the block from the center ofa bar = L, =20cm=0.2m 
The total length of the uniform bar =L=Im 


Required; force is required to balance the bar at its centre of gravity by applying the 
force at the other end of the bar= F, =? 


Formula: By using the second condition of equilibrium that is Lt = 0 
Solution: As we know that, according to the second condition of equilibrium, E17 = 0 


From figure, we can see that 
T +7, =0 
or, -F,& Ll, +E xL, =0 


TH=FKL 
By rearranging the equation; we get 
Fx Ly=F x L, 
. FL 
Fr, = — wd 


By substituting the values; 
as }46=«l| =~w=mg 
Fo=w =(10)(10) 
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F =100N 
By putting the value of force, in equation (1) 

F. - (100)(0.2) 

"05 

5 

Rene 

~ 05 

F, =40N 


Answer: Hence the force required to balance the bar = F, = 40 N 


OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 


PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 
(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 
RAWALPINDI, D.G. KHAN And BAHAWALPUR) 


‘RES wa Like and Unlike Parallel Forces+Addition of Forces 
4.34+4.4 Beinn, Forces + Torque or moment of a force 
Principle of moments 


%x = Tick the correct answer. 


1. Two equal but unlike parallel forces having different line of action produce: 
(RWP. Gi, DGK. Gt) 


(A) atorque (B) a couple (C) equilibrium = (D) neutral equilibrium 
2. The forces that are parallel to each other and kave the same direction are 
called: (DGK. Gl) 
(A) Like parallel forces (B) Unlike parallel force 
(C) Resultant forces (D) Net parallel forces 
3. The resultant of all the forces acting on a body is called: (MLN. GH) 
(A) Force (B) Friction Force (C) Net force (D) Gravitational force 


4. The number of vectors that can be added by head to tail rule are: 
(SWL. GI & Gil, BWP. GI, LIIR. Gil) 


(A) 2 (B) 3 (C)4 (D) any number 
5. If F =4N, F.=3N what is magnitude of resultant force? (LHR. GI) 
(A) 7N (B) SN (C) 12N (D) 10.N 
F 
6. Complete equation — = : (GRW. GIy 
(A) sin 8 (B) cos 0 (C) tan 6 (D) cosec 8 be. 
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7. The value of tan 45° is : (GRW. GID) 
(A) 0.5 (B) 1.732 (C) 0,577 (D) | 
8. The number of perpendicular components of a force is: 
(GRW. Gl, FBD. GH, SGD. Gi, DGK. Gil) 


(A) 4 (B) 3 (C) 2 (D) 1 

9. A force of 10 N is making an angle of 30° with x-axis. Its horizontal component 
will be: (FBD. GI, DGK. GI, RWP. GI & GI, SWL. Gil) 
(A) 4N (B) 5N (C) 7N (D) 8.7N 

10. Cos 60° = : (SGD. Gl) 
(A) 0.5 (B) 1.732 (C) 0.866 (D) 0.577 

11. The direction of force F with x-axis is given by: (SGp. GI. & Gil, BWP. Gl, GRW. GI) 
(Ay OnTan' (my B= Tm" (C) O=TFE_ ep) = Tan 

12. In a right angle triangle length of base is 4 cm and perpendicular is 3cm, then 
its cos 6 is equal to: (DGK. Gil) 
(A) 0.8 (B) 0.75 (C) 1 (D) 0.6 

13. Sin 45° is equal to: (BWP. GI, SGD. Gl) 
(A) 0 (B) 0.5 (C) 0.707 (D) 1 

14. In right angled triangle, base is 4em and perpendicular is 3cm. Its tan 6 is 
equal to: (FBD. Gh) 
(A) 0.75 (B) 0.8 (C) 0.89 (D) 0.6 © 

15. In a right angled triangle length of bases is 4cm and perpendicular is 3cm, 
length of diagonal will be: (MLN. Git) 
(A) 2em {B) S5cm (C) 4cem (D) 6cm 

16. Turning effect of a force is called: (LAR. GL SW. Gi, RWP. GL BWP. GD) 
(A) Torque (B) Moment (C) Couple (D)Torque and momentum 

17. Sl unit of Torque is: (MLN. Git) 
(A) Num (B) Ns (C) Nm! (D) Ns! 

18. The net torque acting on a rotating body with uniform speed is: (LUR. GI) 
(A) I (B) 2 (C) 5 (D) 0 ' 

19. Torque depends on: (FBD. Gl) 
(A) force and mass (B) mass and velocity 
(C) force and moment arm (D) force and velocity 

20. Number of factors on v ich Torque depends: (MLN. G1) 

\° (A)2 (B) 3 (C) 4 (D) 5 
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21, If force is 200 N and length of spanner is 0.15 m then torque will be: (MLN. Gil) 


(A) 30 Nm (B) IS Nm (C) 20 Nm (D) 10 Nm 
22. The formula of Torque is: (BWP. Gl) 
(A) L=FXE (B) E=F*T (C) T=FXL (D) E=F*L 
1. acouple 2. Likeparallel forces 3, Netforce 4, any number 
Ss SN 6. tané 7% 1 & 2 9. 8.7N 


F. 
10. 0.5 11, 9= Tan fF 12.08 13.0.707 14, 0.75 


1S. Sem 16. Torque 17. N.m_ 18, 0 19. force and moment arm 
20. 2 21.30Nm =—s-.22. T=F XL 
% Give short answer to the following questions. 


1, What is difference between like and unlike parallel forces? 
(LURK, Gl. & GUL RWP. GL, SGD. GH. SWL. GL& GIL. BWP. GL. GRW. G I. FBD, G 1, MLN, GL & G 1D 


Ans, Like Parallel Forces: 

i. Like forces are also called like parallel force 

ii. _L.ike force are the forces that have the same direction to each 
other. 

iii. A bag has a large number cf apples in it, the weight of all 
the apples is acted vertically downward so these all forces 
are in same direction, called like forces. 

Unlike Parallel Forces: 

i. | Unlike forces are also called unlike parallel forces. 

ii. Unlike forces are the forces that are in the opposite direction to 
each other, 

iii. An apple is suspended by a string. The string is stretched by the 
weight of apple. Weight is acted downward but tension in the 
string is acted in upward direction. These are unlike forces. 


2. How can we add the vectors by head to tail rule? 
(FBD. Gil, DGK. Gl, GRW. Gi, RWP. GD 


Ans. A graphical method is used to find the resultant of two or more forces or vectors, 
called the head to tail rule. 
Head to tail rule method can be understood stepwise. 

i. ‘First select a suitable scale 

ii. Draw the vectors of all the forces according to the scale; such as vectors A and B. 
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iii. Take any one of the vectors as first vector e.g., vector A. 
iv. Draw next vector B such that its tail coincides with the 

head of the first vector A. 

v. Draw the next vector for the third force (if any) with its 
tail coinciding with the heed of tue previous vector and 
so on. 

vi. Draw a vector R as shown in the figure. The tail of 
vector R is at the tail of vector A, the first vector, while 
its head is at the head of vector B, the last vector. 

3. What is resultant force? (DGK. GI, SWL. Gl) 

Ans. A resultant force is a single force that has the same effect as the combined effect of 
all the forces to be added. 

4. How Head to Tail rule helps to find the Resultant of Forces? (Bwp. Gi, FaD. Gh 

Ans. Head to tail rule is a graphical method of vector addition. In this method according 
to a selected scale we draw all the forces according to their magnitude. Take any 
force as a first vector and the second force starts from the head of first vector by 
starting it with a tail so that tail of second vector coincides with the head of first 
vector. Similarly, draw all the forces. 

Such that head of previous vector coincides with the tail of next vector. By drawing 
all the vectors in this manner, draw a resultant force, which starts from the tail of 
first force and its head coincides with the head of last force. 

5. Define perpendicular components. (LHR. Gl, MLN, Gil, DGK. GI, & GI, SGD. GI) 

Ans. If a force is formed from two mutually perpendicular components then such 
components are called its perpendicular components. 

6. Ina right angled triangle length of b~<e is 4cm and its perpendicular is 3em. 
Find its hypotenuse. (LHR. GI) 

Sol. In AABC 
By pythagora's theorem: 

(Hyp. = (Base)? + (Perp.)? 


Adding vectors by bead to tail 
rule 


(AC? =(ABY + (BC) ‘ ° 
(ACP =47+3? 3em © 
(ACP =16+9=25 A B 
(AC) =5 


Thus, 
Length of hypotenuse is Scm. 
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7, What du you meant by perpendicular components? Write down the formula 
to find their directions. (FBD. Gil) 
Ans. Perpendicular components: If a force is formed from two mutually perpendicular 
components then such components are called its perpendicular components. 
Formula: To find their direction use the following formula: 
a =tan (5) 
\F) 
8. 8 Newton force makes an angle of 45° with x-axis. Represent it graphical 
(SWL. GID 
Sol. Scale: 

2N =lem 

8N =4cm 

0 ~45° 

with x-axis 
9. What is difference between rigid body and axis of rotation? (LURK, Gthy 
Ans. Rigid Body: 

A rigid body is the one that is not deformed by force or forces 
acting on it. 
Axis of rotation: 

Consider a rigid body. As it rotates, its particles move in 
fixed circles. A fixed line that passes through the centres of these 
circles is called axis of rotation of the body. 

10. What will be the torque if force of ISON is applied on a Spanner of 10cm? 
(GRW. GH 


Sol. force —F= ISON 
Length of spanner =f = 10cm 
torque =>? 


We know that 
t =Fx# 
t =150* 0.1 
t =ISNm 


-1, What is meunt by rigid body? 
(GRW. G1 & Git, RWP. GI, SW. GL BWP. GIL MLN. GI, SGD, GI, 2018) 
Ans. Rigid Body: A rigid body is the one that is not deformed by force or forces acting 
on it. 
12. Define torque and write its formula. (PRD. GL SWI. GL MLA. G1. DGK. GH BWP. GH 
Ans. Torque: The turning effect of a force is called torque or moment of the force. Itis — 


4 
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determined by the product of force F and its moment arm _. It is denoted as t. 

Formula: «= L *F 

13. Define axis of rotation, (SGD. Gil, RWP. GI) 

Ans. Consider a rigid body. As it rotates, its particles 
move in fixed circles. A fixed line that passes 
through the centres of these circles is called axis of 
rotation of the body. 


14. Define moment arm. (RWP. Gil, DGK. GI, & Gil) 
Ans. The perpendicular distance between the axis of rotation and the line of action of the 

force is called the moment arm of the force. 

Moment arm is represented by distance (L) 
15. A force of 100 N is applied perpendicularly on a spanner at a distance of 10 

em from a nut, Find the torque produced by the foree. (DGK. GI) 
Sol. Magnitude of Force =F =|00 N 
Force applied perpendicular to the spanner 

t= 90° 
Moment arm = L= 10cm = 10% 10 *m 
=O0.lm 

Required: Find the torque produced by the force 


=t1 “sa? 


Formula: By using the basic relation; 
torque = Forcexmoment arm<sin@ 
% =F *«L*sin® 
Solution: By substituting the values in above equation; 
= =(100) (0.1) sin90° 
= = (10)(1) sin 90° = 1 
Ans: The torque produced by the force 
t= 10Nm 
16. Differentiate between Axis of Rotation aud Moment Arm. (BWP. GH, LHR. Gi) 
Ans. Axis of rotation: 
Consider a rigid body. As it rotates, its particles move in fixed 
circles, A fixed line that passes through the centres of these 
circles is called axis of rotation of the body. 
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Moment arm: The perpendicular distance between the axis of rotation and the line 
of action of the force is called the moment arm of the force. 
17. What is moment? Write its principle. (GRW. GI & GH, FBD. G1) 
Ans. Moment: The turning effect of a force is called torque or moment of ihe force. 
Principle of moments: A body is balanced if the sum of clockwise moments acting 
on the body is equal to the sum of anticlockwise moments on it. 


Centre of mass +Couple 


Rese e Equillbrium+Stability and Position of centre of mass 
% Tick the correct answer. 


1. Such a point where an applied force causes the system to move without 


rotation: (FBD. Gi) 
(A) Center of gravity (B) Center of mass 
(C) Center of weight (D) None of these 

2. The centre of gravity of an irregular shaped body can be found with the help 
of: (SWL. GI, GRW. Gt) 
(A) screw gauge (B) plumb line (C) metre rod (D) wedge 

3. The centre of gravity of a triangle is at: (RWP. GI) 
(A) Centre (B) Point of intersection of medians 
(C) Centre of axis (D) Point of intersection of diagonals 

4. When centre of gravity is at the highest position, body will be in: (SWL. GI) 
(A) neutral equilibrium (B) stable equilibrium 
(C) unstable equilibrium (D) none of these 

5. A couple is formed by: (SGD, Gil) 


(A) Two forces perpendicular to each other (B) Two like parallel forces 
(C) Two equal and opposite forces in the same line 
(D) Two equal and opposite forces not in the same line 
6. First condition of equilibrium is: (LHR. GI & GU) 
(A) ZF=0 (B) 2+=0 (C) ZF=0,ft=0 (D) All ofthese 
7. Racing cars are made stable by: 
(GRW, GI & Gil, BWP. GI, SWL. GI & GIL, PBD. GI & GI, DGK. GI, MLN. G1, SGD. GI) 
(A) increasing their speed (B) decreasing their mass 
(C) decreasing their width (D) lowering their centre of gravity 
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8. A body is in equilibrium when its: (MLN. GH, LHR, Gil) 
(A) Acceleration is uniform (B) Speed is uniform 
(C) Speed and acceleration are uniform (D) Acceleration is zero 

9. A body is in neutral equilibrium, when its centre of gravity is: (RWP. Gi) 
(A) at its highest position (B) at its lowest position 
(C) keep its height if displaced (D) situated at its bottom 

10, States of Equilibrium are: (DGK. Gil) 
(A) 4 (B) 3 (C) 2 (D) | 

11. According to second condition of equilibrium must be zero: (BWP. Gil) 
(A) Angular Acceleration (B) Linear Acceleration 
(C) Rotational Force (D) Sum of Torque 

12. The Symbol of Sigma is: (BWP. Gil) 
(A) a (B) = (C) (D) = 
1. Center of mass 2. plumb line 3. Point of intersection of medians 
4. unstable equilibrium 5, Two equal and opposite forces not in the same line 
6. XLF=0 7. lowering their centre of gravity 
8. Speed and acceleration are uniform 9. keep its height if displaced 
10. 3 11, Sum of Torque 12, = 

% Give short answer to the following questions. 

1, Define centre of mass, (LHR, Gil, DGK, GH, SGD. Gil, FBD. Gil, BWP. Gil) 


Ans, Centre of mass of a sysiem is such a point where an applied force causes the system 
to move without rotation. 


2. Define centre of gravity. 
(LHR, Gl, SGD, G 1, SWL, GI & GH, DGK, G I, BWP. Gil, MLN, Gi, RWP. GI, FBD. Gi, GRW. GI) 


Ans. The centre of gravity of a body is defined as a point where the whole weight of the 
body appears to act vertically downward. 
3. What is difference between centre of mass and centre of gravity? 
(LHR. GH, DGK. Gh) 
Ans. Centre of mass: Centre of mass of a system is such a point where an applied force 
causes the system to move without rotation. 
Centre of gravity: The centre of gravity of a body is defined as a point where the 
whole weight of the body appears to act vertically downward. 
4. Define neutral equilibrium. (GRW, Gl, MLN, Gil, SGD, GI!) 
Ans. If a body remains in its new position when disturbed from its previous position, it is 
said to be in a state of neutral equilibrium. 
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5. Differentiate between torque and couple. (FBD. GH, SGD. Gl, BWP. GIL, SGD. Gh 
Ans. Torque: 

i. The turning effect of a force is called torque or moment of force 

li. To produce a torque we need only one force atleast. 

fii. The torque is produced by a force F and the moment arm. 

Couple: 

i. A couple is formed by two unlike parallel forces of the same magnitude but not 
along the same line. 

ii. To produce a couple we need two unlike parallel forces atleast. 

iii. Torque of the couple = F*xAB in this F represents force and AB represents the 
distance between two forces. The torque produced by a couple force F and F 
separated by the total distance (AB), that is the couple arm. 

6. Explain couple with the help of an example. (SW1.. GU, RWP. Gil) 

Ans. Couple: 

A couple is formed by two unlike parallel forces of the same magnitude but not 
along the same line. 
Example: When a driver turns a vehicle, he applies forces that produce a torque. 
This torque turns the steering wheel. These forces act on opposite sides of the 
steering wheel as shown in figure. These forces are equal in magnitude but opposite 
in direction. These two forces form a couple. 

“7. Differentiate between Stable and Neutral Equilibrium. (MLN. Gl) 

Ans, Stable equilibrium: 

¥% A body is said to be in stable equilibrium if after a slight tilt it returns to its - 
previous position. 

%& = When a body is in stable ecuilibrium, its centre of gravity is at the lowest position. 
When it is tilted, its centre of gravity rises. It returns to its stable state by lowering 
its centre of gravity. 

% A book placed on the table horizontally is an example of stable equilibrium. 

Neutral equilibrium: 

¥ Ifa body remains in its new position when disturbed from its previous, it is said to 
be in a state of neutral equil brium. 

% In neutral equilibrium, the centre of gravity of the body remains at the same height, 
irrespective to its new position. 
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The rolling ball is an example of neutral equilibrium. 

When a body is said to be in Equilibrium? (MLN. GI, SGD. GD 
A body is said to be in equilibrium if it follows both conditions of equilibrium, 

A body is in equilibrium if net force acting on it is zero, and a body is said to be in 
equilibrium if the resultant torque acting on it is zero. 

IF =0,or =F, =0, =F, =0 


Y1=0 
Describe the first condition of Equilibrium. (MLN. G1, FBD. Gl, RWP, GI) 
Ans. The body is said to satisfy first condition for equilibrium if the resultant of all the 
forces acting on it is zero, Let 'n' number of forces F,,F,,Fy, ........ F, are acting on a 
body such that 
Ft tly +. ..ncame tf =O 
or =F, =0 


10. 


Ans. 


Ans. 


or =F, =0 and 7 =0 
What is second condition of equilibrium? Write its mathematical form. 

(SGD. G1, BWP. GD) 
According to the second condition for equilibrium, a body satisfies second 
condition for equilibri 'm when the resultant torque acting on it is zero. 
Mathematically; 
=r =0 
Write down two conditions of equilibrium. = (KWP. Git, FBD. Gil, L11R. GIL, MLN. Gil) 
First condition of equilibrium: 
A body is said to satisfy first condition for equilibrium if the resultant of all the 
forces acting on it is zero.i.c. IF =0 


Second condition of equilibrium: 


12. 


Ans. 


A body satisfies second condition of equilibrium when the resultant torque acting 
on it is zero. ie. Et=0 
Why a body cannot be in equilibrium due to single force acting on it? 

(BWP. GI, LIK. GI) 
For a body is said to be in equilibrium it is necessary that the net force acting on a 
body is zero and the sum of all the torques acting on a body is zero, These two 
conditions can not be satisfied if there is one force only. Because there is not any 
other force which nullify the effect of this force to keep the body in equilibrium 
and hence, this single force tends to move or rotate the body according to its point 
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of application. So, if a single force is applied on a body, it could not be in 
equilibrium i.e 

SFO, =t#0 

Moment arm is represented by distance (L) 

13, Explain stable equilibrium by giving example. (GRW, Gi) 

Ans. A body is said to be in stable equilibrium if after a slight tilt it returns fo its 
previous position. When a body is in stable equilibrium; its centre of gravity is at 
the lowest position. When it is tilted, its centre of gravity rises. Body returns to its 
stable state by lowering its centre of gravity. 

14. Differentiate between Stable and Unstable Equilibrium. (MLN, Gil, SWL. GI) 

Ans. Stable Equilibrium: 

% A body is said to be in stable equilibrium if after a slight tilt jt returns to its 
previous position. 

% In stable equilibrium, the centre of gravity is at the lowest position. 

Unstable Equilibrium: 

% If a body does not return to its previous position when sets free after a slightest tilt 
is said to be in unstable equilibrium, 

w = The centre of gravity of the body is at its highest position in the state of unstable 
equilibrium. 

1S. Why the height of vehicles is kept as low as possible? —_(F 8D, Gi, SGD. Gl, SWL. GI) 

Ans, Vehicles are made heavy at the bottom and their height is kept to be minimum. This 
lowers their centre of gravity and helps to increase their stability. Because to make 
them stable, their centre of mass must be kept as low as possible, Therefore, height 
of vehicles is kept as low as possible. 
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PUNIT BSH) 


GRAVITATION 


@ STUDENTS LEARNING OUTCOMES 


Afier studying this unit, the students will be able to: 
» state Newton's law of gravitation. 
>» explain that the gravitational forces are consistent with 
Newton's third law, 
>» explain gravitational field as an example of field of force. 
> define weight (as the force on an object due to a 
gravitational field) 
> calculate the mass of Earth by using law of 
gravitation, 
> solve problems using Newton's law of gravitation. 
> explain that value of 'g’ decreases with altitude from Earth & Space 
his unit leads to: 
the surface of Earth. 
Gravitational Potential, Escap 
> discuss the importance of Newton's law of clcity and Artificial Satellie 
gravitation in understanding the motion of satellites. 
SCIENCE, TECHNOLOGY AND S JCIETY CONNECTION: 
» gather information to predict the value of the Major Concepts: 
acceleration due to gravity 'g' at any planet or moon's |5.1_ Low of Gravitation 
surface using Newton's law of gravitation. Measurement of mass of earth 
>» Describe how artificial satellites keep on moving |54 Variation of g with altitude 
around the Earth due to gravitational force. SA Matlon of artical setelites 
introduction: The first man who came up with the idea of gravity was Isaac Newton. It 
was an evening of 1665 when he was trying to solve the mystery why planets revolve 
around the Sun, Suddenly an apple fell from the tree under which he was sitting. The idea 
of gravity flashed in his mind. He discovered not only the cause of falling apple but also 
the cause that makes the planets to revolve around the Sun and the moon around the 
Earth. This unit deals with the concepts related to gravitation. 


Qi. What is the force of gravitation? How it can be defined and proved? 
Ans: Force of gravitation: The force due to which every body of the universe attracts 
every other body is called force of gravitation, 
, Examples: 
. | = According to the Newton the force which keeps the moon in its orbit is called force 


Conceptual Linkage 
is unit is built on 
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of gravitation. 
=> An apple falls on the Earth only due to force of gravitation. 
Law of gravitation: According 10 Newton's law of universal gravitalion, 

Everybody in the universe attracts every other body with a force which is directly 
proportional to the product of their masses and inversely proportional to the square of the 
distance between their centres. ragga 
Explanation: 


Consider two bedics of messes my, and moe. 


The distance between the centres of masses 


i d H 
is d as shown in the given figure. Figure Bis a pos “probs ag 


Value of force, according to the law of gravitation: 
According to the law of gravitation, the gravitational foree of attraction F with 
which two masses m) and m2 separated by a distance d attract each other is given by. 


F x m,m, ——> (1) 
F x Z. —> (7 
d (2) 
By combining eg (1) and (2): 
F x ort a 


For changing the sign of proportionality into equality, a constant is used. 
FsGo 
é: 

Here G is the proportionality constant. 
Value of gravitational constant: 

G is called the universal constant of gravitation. Its value is same everywhere. In SI 
units its value i8.6.673 * 10-!! Nm2 ko-2. 
Gravitational force of attraction between objects around us: 

Due to small value of G. the gravitational foree of 
attraction between objects around us is very small and we do 
not feel it. 
Force with which Earth attracts to near by objects: The mass 
of the Earth is very large, it attracts nearby objects with a 
significant force. 
Reason of weight of the object on aris: The weight of an | Figure 5.2: wine os hady 
object on the Earth is the result of gravitational foree of ie coca iste onl 
attraction between the Earth and the object. the Earth. 
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Q2. What is the relation of law of gravitation and Newton's third law of motion. 
Ans: Consider we have two objects of mass m; 
and m3, which are present at distance (d) as 
shown in the given figure. 

It is to be noted that mass m, altracts m> 
towards it with a force PF, while mass m2 altracts 
(m,) towards it with a force of the sume |Figure 5.1: Two masses attract each other with 
magnitude F but in opposite direction. a gravitational force of equal magnitude 
Action and reactional force: if the force acting, on m, is considered us action then the 
force acting on m2 will be reaction. 

Action and reaction due to force of gravitation are equal in magnitude but opposite 
in direction. 

Newlon's third law of motion: This is in consistence with Newton's third law of motion 
which states, to every action there is always an equal but opposite reaction. 


<— 


Two lead spheres each of mass 1000 kg are kept with their centres lm 
apart. Find the gravitational force with which they attract each other, 
Solution: Here m,= 1000 kg 
mz = 1000 kg 
d Im 


i] 


Since F —-G Pet 


Putting the values, we get 
1000 ky x 1000 kg 
F =6.673 * 10-') Nm2 kg? « ~ 3 ™ 
(im) 

F =6673* 105 N 

Thus, gravitational force of attraction between the lead spheres is 6.673% 10-5 N. 
Q3. How will you define and explain the term 

gravitational field? 
Ans: A gravitational field exists all around the Earth and this 
field is directed towards the centre of the Earth as shown by 
arrows in the given figure. 
Explanation: 
Gravitational force: According to the Newton's law of Figure 5.3: Gravitational field 
gravitation. the gravitational force between a body of mass arcund the Earth is towards its 


centre, 
(m) und the Earth is given by: 
ney 
a 
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In this formula Me is the mass of the Earth and r is the distance of the body from 
the centre of the Earth. 
Weight of the body: The gravitational force with which the Earth attracts a body, is 
called the weight of the body. 
Field force: Gravitational force is a non-contact force. 

For example, the velocity of a body, thrown up, goes on decreasing while on return 
its velocity goes on increasing. 

This is due to the gravitational pull of the Earth acting on the body whether the 
body is in contact with the Earth or not. Such a force is called the field force. 
Relation of gravitational field with distance: 

In the gravitational field of the Earth, the gravitational field becomes weaker and 
weaker as we go farther and farther away from the Earth. 

Mean gravitational ficld is inversely proportional to the distance. 
Gravitational field strength of the Earth: In the gravitational field of the Earth the 
gravitational force per unit mass |s called the gravitational field strength of the Earth. 
Value of gravitational field strength: 

At any place the value of gravitational field strength is equal to the value of g at that 
point. Near the surface of the Earth, the gravitational field strength is 10 Nkg!. 


REZ Mass of the Earth 


2. 
04. How will you derive fe = as ? Also find out the numerical value of the 


mass of the Earth. OR 
How mass of Earth is determined? Find its value, 
Ans: Consider a body of mass (m) on the surface of Eart 
as shown in given figure, 
Suppose: 
=> Mass of Earth is represented by Me. 
=> Radius of Earth is represented by R, 
=> The distance of the body from the centre of the Eart 
will also be equal to the radius R of the Earth. Figure 5.4: Weight of a body is 
Law of Gravitation: According to the law of Gravitation] equa! ‘o the gravitational force 
' the force with which Earth attracts a body is given by: between the body and the Earth. 


mMe 
Pat gt Py 


But the force with which Earth attracts a body towards its centre is equal to its 
weight w. 
Therefore: 
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F=w=mg ——> (2) 
By comparing eq # (1) and (2) 
GmMe 
mg = R 
GMe 


RE _ve 
G 


2 
Me = £5 ———> (3) 


Numerical value of Mass of Earth Me: 
As we know: 
g = gravitational acceleration = |Oms-2 


R = Radius of the Earth = 6.4x10%m 
G = Gravitational constant = 6.673*10-!! Nm2/ kg? 
By putting all the values in eq (3), the mass of Earth can be obtained. 
(10m /s?)(6.4«10°m)’ 
© 6.673x10"' Nm? /kg? 
me- (1046-4) (6.4) x (10) 
6.673«107! 
_ 409.6«10" 
 6.673x10" 
Me= 61.38x10!2"!! 
Me= 61.38x1073 
Me= 6.0%10x1073 
Me= 6.0x1074 kg. 


So, Mass of the Earth is 6*1074 kg. 


XB Variation of g with altitude 


Q5. How value of g varies with altitude? Explain. 
GM 
Ans: According to the relation 8 = R it can be clearly understood that value of 
acceleration due to gravity (g) depends on the radius of the Earth at its surface. 
Relation of g with altitude: The value of acceleration due to gravity (g) is inversely 
proportional to the square of the radius of Earth. 


5<*—; 


R- 
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It decreases with altitude. 
Definition of altitude: Altitude is the height of an object 
or place above sca level. 
The value of g is greater at sea level than at the hills. 
Value of g at an altitude: Consider a body of mass (m) at 
an altitude (h) us shown in the given figure. r 
In this case, the distance of the body from the centre | Figure 5.5: Weight of a body 


of Earth becomes R+h. decreases as its height increases 

As we know: from the surface of the Earth 

_ GM, 
R* 

So by writing R +h instead of R in this case. we get DO YOU KNOW? 

GM, oon is nearly 3,80,000 . 
gy (Reh) away from the Earth. If 
: (KR +h) comp its one revolutic 
By using above formula the value of g at an altitude can be around the Earth in 27. 
easily found, days. 


=> According to the above equation, it is clear that at a height equal to one Earth radius 
above the surface of the Earth, g becomes one Jourth of its value on the Earth, 

= According to the above equation it is also clear that at a distance of two Earths 
radius above the Earth's surface, the value of g becomes one ninth of its value on 
the surface of the Earth. 

Tee) Calculate the value of g, the acceleration due| 00 YOU KNOW? 


to gravity at an attitude 1000 km. The mass of the Eartl:\Vabe of g on the surlace of 


; ‘ lestial object depends 
is 6.0*1074 kg. The radius of the Earth is 6400 km. wes pongo a 
Solution: Here R = 6400km The value of g on some of 
bh = 1000km 
M, = 6.0% 1074 kg 
&y ai 
R+h = 6400 km + 1000 km = 7400 km 
= 7.4*10°m 
M 
P = G —* 
e 8h (R+h)y 
_ 6673x10 ''Nm’ky * x6.0x10"*kg 
~ (7.4x10°m)* 


Zp = 73Nke!=7.3 ms2 
Thus the value of g, the acceleration duc to gravity at an altitude of 1000 km will be 
7.3 ms~2. 
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1. Does an apple attract the Earth towards it? 
Ans: Yes, an apple attracts the Earth towards it but its attract’. * very small and con not be felt. 
2. With what force an apple weighing IN attracts the Earth? 
Ans: The force of attraction is equal to the weight of the object. So an apple weighing IN attracts the Earth with 
one newton force, 
3. Does the weight of an apple increase, decrease or remain constant wien taken to the top of a 
mountain? 
Ans; Weight of the apple, decrease when taken to the top of mountain due to less gravity of Eorth. 


EZR Artificial Satellites 


Q6. What are satellites? What are their types? How will you define and explain 
artificial satellites? 


Ans: Satellites: An object that revolves around a planet is Do YOU KNOW? 
called a satellite. The height of a geostationary 
— satellite is about 42,300 km from the 
Types of satellites: surface of the Earth. Its velocity with 
Basically satellites have two types. 
(i) Natural satellites. (ii) Artificial satellites. 
Natural satellite of the Earth: DO YOU KNOW? 
The moon revolves around the Earth so moon is a | Global Positioning System (GPS) is a 


natural satellite of the Farth. satellites navigation system. It helps 


Artificial satellites: - . 
er ; pane : sea Of im the air. GPS consists of 24 
Scientists have sent many objects into space. Some Earth satellites. These seteliites 


of these objects revolve around the Earth. These are called | revolve around the Earth twice o doy 
artificial satellites. with a speed of 3.87 kams-!. 
Uses of artificial satellites: 

Most of the artificial satellites, orbiting around the Earth are used for 
communication purposes. 

Artificial satellites carry instruments or passengers to perform experiments in space. 
Number of artilicial satellites: 

Large number of artificial satellites have been launched in different orbits around 
the Earth. 


.\ \ 
mw Orbital radian" 


-_ 
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Time taken by a satellite in one revolution: 

Satellites take different time to complete their one revolution around the Earth 
depending upon their distance (h) ‘tom the Earth, 

Example: Time taken by communication satellites in one revolution: 
Communication satellites take 24 hours to complete their one revolution around the 

Earth. As Earth also completes it; One rotation about its axis in 24 hours, hence these 

communication satellites appear to be stationary with respect to Earth. 

Geostationary satellites: Geostationary satellites are those satellites whose velocity 

relative to Earth is zero. These satellites remain stationary with respect to the Earth ata 

height of about 42,300 km from the surface of the Earth. 

Example: Communication satell tes. 

Function of geostationary orbit: Dish antennas sending and receiving the signals from 

geostationary orbit have fixed direction depending upon their location on the Karth. 

Height of geostationary satellite: !he height of a geostationary satellite is about 42, 300 

kim trom the surface of the Earth. Its velocity with respect t0 Barth is zero. 

Global Positioning System (GPS): Global Positioning System (GPS) is a satellites 

navigation system. It helps us to find the exact position of an object anywhere on the 

land, on the sea or in the air. GPS consists of 24 Earth satellites. These satellites revolve 
around the Earth twice a day with a speed of 3.87 kms !. 

QS. How motion of an artificial satellites can be found out? Prove its formula 
and write its value. 

Ans: A satellite requires centripetal force that keeps it to move around the Earth. This 
necessary centripetal force is provided by the gravitational force of attraction 
between the satellite and the [arth. 

Formula of motion of an artificial satellite: 

Consider a satellite of mass (m) revolving round the Earth at an altitude (h) in an 
orbit of radius ry =(R + h) with orbital velocity vo. 
lhe centripetal force is given by equation. 
mv. 


2 4 
‘This centripetal force is provided by the gravitational force of attraction between 
the Earth and the satellite and is equal to the weight of the satellite w' (mg). 
So, TF =w'=mg, — (2) 
~ By comparing eq (1) and (2) we get, 
mv. 


27 
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v? 

= o 
&) ood 
f, 

2 

T8. = 


By taking underroot on both sides, 


v= VIB, 


So by putting the value of ry, we get: 


v,= Vg, (R +h)—— (3) 


Equation (3) gives the velocity, which a satellite must possess when launched in an 
orbit of radius ry = (R + h) around the Earth. 
Suppose a satellite revolves close to the Earth: 
Suppose a satellite is revolving close to the Earth, so its radius can be written as: 
R>>h. 
R+h2R 
and &, *8 
Now eq (3) becomes: 


vV,= Je R 
Value of speed of a satellite; A satellite revolving around very close to the Earth, has 
speed V_ nearly 8 kms~! or 29000 kmh-!, 
SUMMARY 

@ Newton's law of universal gravitation states that everybody in the universe attracts 
every other body with a force which is directly proportional to the product of their 
masses and inversely proportional to the square of the distance between their 
centres. 

@ = The Earth attracts a body with a force equal to its weight. 

® it is assumed that a gravitational field exists all around the Earth due to the 
gravitational force of attraction of the Earth. 

@ = In the gravitational field of the Earth, the gravitational force per unit mass is called 
the gravitational ficld strength of the Earth. It is 10 N kg-! near the surface of the 
Farth. 


M 
@ Acceleration g = G ru 
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5.1 
(i) 

(ii) 
(iii) 


(iv) 


5.3 


Ans: 


R°g 
Mass of Earth M, = — 


. 


: G _M_ 
g at an altitude h = (R~+hy? 


An object that revolves around a planet is called a satellite. 

The moon revolves around the Earth so moon is a natural satellite of the Earth. 
Scientists. have sent many objects into space. Some of these objects revelve around 
the Earth. These are called artificial satellites. 

Orbital velocity v, of a satellite is given as Vv, = JB. (R+h) 


SOLVED QUESTIONS 


Encircle the correct answer from the given choices: 
Farth's gravitational force of attraction vanishes at: 


(a) 6400 km (b) infinity (c) 42300 km (d) 1000 km 
Value of g increases with the: 

(a) increase in mass of the body (b) increase in akitude 

(c) decrease in altitude (d) none of the above 


The value of g at a height one Earth's radius above the surface of the Earth is: 


(a) 2g (b) Ye (c) Vay (d) Ye 


The value of g on moon's surface is 1.6 ms--, ‘hat will be the weight of a 100 
kg body on the surface of the moon? 

(a) 100N (b) |!60N (c) 1000 N (d) 1600 N 

The altitude of geo-stationary orbits in which communication satellites are 
launched above the surface of the Earth is: 


(a) 850 km (b) |000 km (c) 6400 km (d) 42,300 km 
The orbital speed of a low orbit satellite is: 

(a) zero (b) &ms'! (c) 800 ms-! (di 8000 ms-! 
: (i) infinity (ii) decrease in altitude (iit) yg 

(iv) 160 N (v) 42,300 km (vi) 8000 ms"! 


What is meant by the force of gravitation? 


: The force due to which every body of the universe attracts every other body is 


called force of gravitation. 
Do you attract the Earth or the Earth attracts you? Which one is attracting with 
a larger force? You or the Earth. 


Yes we attracts the Earth or Earth attracts us. Our body is very small, as compared 
to Earth so, we attract the Earth with a very small and insignificant force. Therefore 
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it is not felt by us, 
Earth because of its larger mass attracts us with a larger and significant force. 

5.4 What is a field force? 

Ans: The weight of a body is due to the gravitational force with which the Earth attracts 
a body. Gravitational force is a non-contact force. For example. the velocity of a 
body, thrown up, goes on decreasing while on return its velocity goes on increasing. 
This is due to the gravitational pull of the Earth acting on the body whether the 
body is in contact with the Earth or not. Such a force is called the field force. 

5.5 Why earlier scientists could not guess about the gravitational force? 

Ans: The first man who came up with the idea of gravity was Isaac Newton. It was an 
evening of 1665, when he was trying to solve the mystery why planets revolve 
around the Sun. Before this, people were not familier even with the word gravity 
then how scientists could guess about the gravitational force, 

5.6 How can you say that gravitational force is a field force? 

Ans: Gravitational force is a non-contact force. For example, the velocity of a body, 
thrown up, goes on decreasing while on return its velocity goes on increasing. This 
is due to the gravitational pull of the Earth acting on the body whether the body is 
in contact with the Earth or not. Such a force is called the field force. It is assumed 
that a gravitational field exists all around the Earth and its direction is towards the 
centre of the Earth. The gravitational field becomes weaker and weaker as we go 
farther and farther away from the Earth. 

5.7 Explain, what is meant by gravitational field strength? 

Ans: The gravitational field becomes weaker and weaker as we go farther and farther 
away from the Earth. In the gravitational field of the Earth, the gravitational force 
per unit mass is Called the gravitational field strength of the Earth. At any place its 
value is equal to the value of g at that point. Near the surface of the Earth, the 
gravitational field strength is |ONkg-!. 

5.8 Why is law of gravitation important to us? 

Ans: Newton's law of gravitation is very important to us, Because life can not imagine 
without this. This is the force of gravitation which is responsible for the survival of 
every object in the universe. We can determine the mass of Earth, density of Earth 
and orbital speed of satellite only because of this law. Artificial satellites are used 
for communication purposes, and carry instruments or passengers to perform 
experiments in space. These satellites require centripetal force that keeps them to 
move around the Earth. The gravitation force of attraction between the satellite and 
the Earth provides the necessary centripetal force. 

5.9 Explain the law of gravitation. 


ANS: According to Newton's law of universal gravitation, every body in the universe 
Sa AT Net enInY NES QE RTOS WDE Y ony Oe CG RIVERS 
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attracts every other body with a force which is directly proportional to the product 
of their masses and inversely proportional to the square of the distance between 


their centres. Gmm 
” ;™M; 


a’ 

@ By increasing the masses of objects, force of gravitation is also increased and by 
decreasing the masses of objects, force of gravitation is also decreased. 

@ By increasing the distance between objects force of gravitation decreased. 
5.10 How can the mass of Earth be determined? 
Ans: Consider a body of mass m on the surface of the 
Earth as shown in figure, Let the mass of the Earth be 
Me and radius of the Earth be R. The distance of the 
body from the centre of the Larth will also be equal to 
the radius R of the Earth. According to the law of 
gravitation, the gravitational force F of the Earth acting 


on a body is given by: Figure: Weight of o body is equal to 


mM 

F = G—} 

Reo «tt 
But the force with which Earth attracts a body towards its centre is equal to its 

weight w. Therefore, 


F 


F = w = mg as PeaMesetees is (2) 
mM, 
or mg = GR ee 
_M, 
g = R Seyi aa oni aed og 
R*g 
and = )— mo fe 
Me G (3) 


Mass Me of the Earth can be determined on putting the values in equation (5). 
(6.4x10°m)’ x10ms” 
6.67310 |'Nm’*kg? 
Me = 6.01074 kg 
Thus, mass of the Earth is 6.0 x 1024 kg. 
5.11 Can you determine the mass of our moon? If yes, then what you do need to know? 


Ans: Yes, we can find out the mass of moon by using the law of gravitation. 
As we know. 


Me = 


R’g 
G 


M= 
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To find out the value of mass of moon, we need to know, following factors. 
Radius of the moon (R) 
Gravitational acceleration of the moon (g) 
Gravitational constant (G), 


5.12 Why does the value of g vary from place to place? 
Ans: As we know that the value of gravitational acceleration depends on the radius of the 
Earth. 
_GM, 
RP 
Value of (g) is inversely proportional to the radius of Earth. This varies with height. 
By increasing height the value of g will decrease and by decreasing height the value of g 
will increase. This is the reason that the value of g is greater at sea level than at the hills. 


5.13 Explain how the value of g varies with altitude. 


~y 


Ans: As we know &= we 
gravity g depends on the radius of the Earth at its surface. The value of g is 
inversely proportional to the square of the radius of the Earth, But it does not 
remain constant. It decreases with altitude. Altitude is the height of the body or 
place from the sea level. The value of g is greater at sea level than at the hills. 
Consider a body of mass (m) at an altitude (h). The distance of the body from the 
centre of the Earth becomes R+h. 


This equation shows that the value of acceleration duc to 


g, =G a ; 

(R+h) 
According to this equation, we come to know that at a height equal to one Earth 
radius above the surface of the Earth, g becomes one fourth of its value on the 
Earth. Similarly at a distance of two Earth's radius above the Earth's surface, the 


value of g becomes one ninth of its value on the Earth. 

5.14 What are artificial satellites? 

Ans: Scientists have sent many objects into space. Some of these objects revolve around 
the Earth. These are called artificial satellites. 

5.15 How Newton's law of gravitation helps in understanding the motion of 
Satellites? 

Ans: A satellite requires centripetal force that keeps it to move around the Earth The 
gravitational force of attraction between the satellite and the Earth provides the 
necessary centripetal force. This centripetal force is introduced by the Newton. So 
in this way Newton's law of gravitation helps in understanding the motion of 
satellites, 
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5.16 On what factors the orbital speed of a satellite depends? 

Ans: Orbital speed of the satellite depends only on gravitational acceleration of Earth and 
radius of the Earth. It is clear rom the given formula. y= Jer 

5.17 Why communication satellites are stationed at geostationary orbits? 

Ans: Geostationary satellites take 24 hours to complete their one revolution around the 
Earth. As Earth also completes its one rotation about its axis in 24 hours, hence, 
these geostationary satellites appear to be stationary with respect to Earth. 


5.4 Find the gravitational force of attraction between two spheres each of mass 
1000 kg. The distance between the centres of the spheres is 0.5 m. 
Data: Mass of the first ball = m; = 1000kg 
Mass of the second ball = mz = 1000kg 
The distance between the centres of both spheres = d = 0.5m 
G = 5.673 x 10°‘! Nm?ke 
Required: Gravitational force between two spheres = F =? 
Solution: According to Newton's law of gravitation; 
F<G mm: 
d- 
By putting all the values in given formula, we get: 
(6.673 x10°'')« (1000) (1000) 
init (sy 
6.67310" x10"! 
0.25 
6.673 10° " 


|: = -—_——: —.— 


6.673 «10° 
0.25 
= 26.7 x 105N 
| 
Answer: The required force of attraction between two spheres is 2.67*10 4N. 
5.2 The gravitational force between two identical lead spheres kept at 1m apart 
is 0.006673 N. Find their masses. 
Data: The distance between two spheres of lead =d = Im. 
Gravitational foree between two spheres of lead = F = 0.006673N 
Value of gravitational constant = G = 6.673«10- Nmzkg 2. 
Required: Masses of both spheres - ? 


i! 
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Mass of first sphere my, =? 
Mass of second sphere = m3 =? 
Formula: According to Newton's law of gravitation. 
P=G02 
a 
m,m 
Solution: F i ss 
By rearranging the above equation. 
Fd? 
=" mm,-— (1) 
As we know the masses of both spheres are identical so, m, = mj = m= ? 
By using equation # | 


Fd? 
. 
Fd? 
i oe 
So, 
m? = —— —— + (2) 


By putting the values in equation # 2, we get: 


m2 = £0.006673)(1)" 
6,673 x10"! 
it 6.673x10" x1 
6.673 x10" 
m2 = 1x10-4x10+!! 
m2 = 1x108 


m2 = 100000000 
By taking underroot on both sides. 
vim? = 100000000 
Answer: The each sphere has mass 10,000kg. 
5.3 Find the acceleration due to gravity on the surface of the Mars. The mass 
of Mars is 6.42 1073 kg and its radius is 3370 km. 
Data: Mass of Mars =M,,=6.42x1073 kg. 
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Radius of Mars = R,, = 3370 km = 3370x103 m 
G ~ 6.67x10-!! Nm2 ke-? 
Required: The value of gravitetional acceleration at the surface of Mars = gm = ? 


* 


Solution: tJ 


By putting values in this equation. 
_ (6.673x10 '')(6.42x10") 


(3370x10°)' 
42.8410 ''"* 
B= 11,356900x10° 
42.84x10" 
Gm -1.13569x10" x10° 
42.84 x10!" 
Bm 1.13569x10" 
g= 37.72«10! 


Answer: The acceleration due to gravity on the surface of the Mars is 3.77ms-2, 
5.4 The acceleration due to gravity on the surface of moon is 1.62 ms-2. The 
radius of Moon is 1740 km. Find the mass of moon. 
Data: The value of gravitational acceleration at the surface of moon = g,, = 1.62ms-?. 
Radius of moon = R,, = 1740km = 1740* 105m 
Value of gravitational constant = G = 6.673*10-'!! Nm? kg~. 
Required: Mass of moon = m =? 
GM 


Formula: 2, a So 


GM,, 
Solution: 8 ~ “R:  By putting the values in the given formula. 


aa 
(1.62) = (6.67 x 10 JM, 
(1740x10°y 
By rearranging the equation. 


(1.62)(1740x10°)’ _ 


667x100" =? 
‘ — (1.62)(3027600) x 10° =M 
6.67 x10"'! a 
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” 490471210" 
" 6.67x10!! 
M,,= 735339.1x106+1! 
M,,— 735339.1x10!7 
My, = 7.35%105x10!7 


M,, = 7.35*1022 kg. 


Answer: The required mass of the moon is 7.35*1022 kg. 
5.5 Calculate the value of g at a height of 3600 km above the surface of the 
Earth. 


Data: Height from the surface of Earth = h = 3600km. 
= h = 3600x103m 
Value of gravitational constant = G = 6.67x10 ''!Nm*kg-?. 
Mass of Earth = M= 6.0x1074 kg. 
Radius of Earth = R = 6400km 


Required: The value of g at the height of 3600km = ? 
Formula: As we know: 
- GM, 
Bn (R+hy: 


GM, 
Solution: 8» = (R+h) . By putting values, we get: 


_ (6.673«107')(6.0x10") 
Bs ~ (6400x10° + 3600x10°): 
_ (6.673) (6.0)x107"' x10 
"(6400 + 3600)? x 10° 
_ 40.038x10 "10" x10° 
gi “79,000 SO 
_ 4.0038x10"' x10" x10 x10* 
iit 10” 
g, = 4.003810"! x107' x10" x10* x10" 
pS) -28 


2, = 4.00 Hx WS 


2, = 4.00x msec ? 


h 
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Answer: The required value of g at a height of 3600km above the surface of Earth is 4.0 
msec~2, 
5.6 Find the value of g due to the Earth at geostationary satellite. The radius of 
the geostationary orbit is 48700 km. 
Data: Radius of the geostationary orbit= 48700km 
48700* 100m 
48700x 103m 
Value of gravitational constant =G = 6.673«10-'!Nm2kg? 
Mass of Earth =M = 6.0x10%4 kg 
Radius of Earth = R= 6400 km 
= 6400«1000m 
= 6400 103m 


Required: The value of g due to the Earth at geostationary satellite = ? 
Formula: According to the Newton's law: 


il 


patie 
(R+h)? 


M 
Solution: By putting values in equation 8 = G iR+h> , We get. 
(6.67310 '')(6.0x10") 
(6400+ 10° +48700« 10") 


_ 6.673x6.0x10"' x10" 
& (6400+ 48700) (10°) 


40.038 10" 

B ~ (55100)7 x10° 

— 40.038x10"* 

& * 3036010000 
~ 40.038x10" 
wl 3.04x10" 

_ 40.038x10"* 

a 3.04 
g = 1317x102 


Answer: The value of g duc to the Farth at geostationary satellite = 0.13 ms. 
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5.7 The value of g is 4.0 ms-2 at a distance of 10000 km from the centre of the 
Earth. Find the mass of the Earth. 
Data: Distance from the centre of Earth = Reh = 10000km 
R+h = 10000*103m 
Value of g = 4.0 ms? 
Value of gravitational constam’ == G = 6.673101! No’kg~? 
Value of the radius of the Earth = R = 6400km 


= 6400x103 m 
Required: Mass of the Earth = M, =? 
Formula: According to the Newton's law: 
Ss xG 
gy =] 4 hy 
Solution: Be rearranging the equation: 
Me = 2 (R+h) 
G 
By Putting the values we get. 
4 x (10000 x10)’ 
Me = — aan 
6.67310 
4x (L0000)’ x(10°)” 
i= 
6.673x10 © 
4x (10,000,000,0) x 10° 
Me = = * ee 
6.67310 
4 
“= 4x10 . 
6.67310 


Me = 0.5994x10!4+1! 
Me — 0.5994x1025 
Me = 5.99x10-!x1045 
Answer: The required value of mass of the Earth is 5.99x 104 kg. 
5.8 At what altitude the value of g would become one fourth than on the 


surface of the Earth. 
10 
Data: Given value of gravitational acceleration = a a 2.5 msec? 
Mass of Earth = Me= 6.0«1024 ke. 
Radius of Earth = R = 6400 km = 6400«103m, 
Value of gravitational constant = G = 6,673*10-!! Nm?ke? 
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Required: Altitude at which the value of g would one fourth = ? 
Formula: According to Newton's law of gravitation. 


g GM, 
"TR shy 
Solution: As we know: (R+h) 
_ G M, 

ail (R+h) 

Be rearranging the equation. 

(R + hy = GM, 

By 


By taking square root on both side: 


> GM 
y(R+hy = a 
[GM 
(R+h) = 
us 
Pe 
h —= -R 
By 


By putting the values in this relation, we get. 


[(6.673x10 "x6.0x10") 

h = (6.67310 "' 6.010") 6400 103 
\ 25 
J n M 

= [{6.675%6) G0 x10 ) 6400x103 
\ 2.5 
40.038 10 6400x103 


h = V/16.0152x10" 6400x103 
h = 1.2, 65512x107 — 6400x103 
h = 12655.12*103 — 6400x103 

h = (12655.12-6400)x103 

h = 6255.12*103 


h = 6255.12 km 


It is approximately equal to the radius of the Earth. 
Answer: The required altitude at which the value of g would become one fourth is 
equal to one Earth's radius. 
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5.9 A polar satellite is launched at 850 km above Earth. Find its orbital speed. 
Data: The height of polar satellite from the surface of Earth = h=850 km 


h = 850x1000m 

h = 850x103m 
Radius of the Earth = R = 6400km 
Value of gravitational constant = G = 6.673x10-'! Nm2kg-? 
Mass of the Earth = M.= 6.0x 10% kg 


Required: Orbital velocity of polar satellite = vy =? 
Formula: As we know: 


v,= VJa,(R +hy — > il) 
Solution: V, = Ve,(R + hy 


Firstly we have to find out the value of gy. 
For the value of g),: 


= GM. 
(R+hy 


gy 


By putting values, we get: 
(6.67310 '')(6,0x10") 


Bn (6400+ 850) F 


6.673 «6x10 '' x10" 
~ (7250)? x 10° 
_ 40.038 10" 
52562500x10° 
40.038%10" 
5.25610’ x10° 
_ 40,038 10" 
5.25610" 
2, = 7.62 msec-? 


Bh 


By putting the value of g,, in equation (1) 


_ = J(7.62)(6400 + 850) x 10° 
(7.62)(7250) x10 
ws * (7.62) 7250000) 


Vy 55, 245,000 
¥, = 7432.7 m/sec 


< 
c 
" 
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Answer: The orbital velocity of polar satellites vy = 7432.7 m/sec 
5.10 A communication satellite is launched at 42000 km above Earth. Find its 
orbital speed. 
Data: Height of the communication satellite h = 42000km 
h = 42000x1000m 
h = 42000x1000m 
Value of gravitational constant = G = 6.67x10"!! Nm? kg. 
Mass of Earth = M,. = 6.0x1074 kg 
Radius of Earth = R = 6400 km = 6400*103m 
Required: Orbital velocity of communication satellite = vp =? 
Formulas: As we know: 
bins G M, 
~ (R+hy 
v= Je, (R +h) —— (a) 
Solution: As we know according to Newton's law of gravitation. 
M 
g,=G . > 
(R+h) 
By putting the values, we get: 
_ (6.673x10"'')(6,0x 10") 
~ [(6400+ 42000) x10° 


6.673 x6.0x10 "x10" 
(6400+ 42000)? (10°)? 
40.038 10" 
Bh ~ 48400)" «10° 

40.038 x10'"* 
Bh ~ 2,342,560, 000 


40.038 x10" 
2.342 10° 
g, = 17.09x107-9 
g, = 17.09x10-2 


2, = 0.17m/sec~2 


By putting the value of g), in equation (a). 


% = V¥a,(R sh h) 
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vo = ¥(0.17)(6400+ 42000) x10° 
V, = (0.17)(48400) x10" 

Vo = V¥8228x10° 

Vo = ¥8.228x10°x10° 

Vo = ¥8228x10 x10 

vy = ¥2.876x10'ms” 


Answer; Orbital velocity of communication satellite = v, = 2876 m/sec 


OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 
PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 


{LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 
RAWALPINDI, D.G. KHAN And BAHAWALPUR) 


‘AM = The Force of Gravitation 
5.2 Mass of Earth 


vx Tick the correct answer. 


* 


1. Earth's gravitational force vanishes at: (LHR. Gl, RWP. GI, SWL. GID) 
(A) 6400 km (B) Infinity (C)42300km (D) 1000 km 

2. The value of universal constant of gravitational (G) is: (SWL. G) 
(A) 6.673x10""'Nmkg* (B) 6.673x 10 "'Nm’kg ” 
(C) 6.673x10"''Nm™'kg? (D) 6.673 10" Nm“ kg” 

3. The idea of gravity was put up first by: (RWP. Gl) 
(A) Galileo (B) Newton (C) Hook (D) Einstein 

4. Near the surface of earth, the gravitational field strength is: (DGK. GI & Git) 
(A) 5Nkg! (B) 9 Nkg~! (C)6N kg (D) 10 Nkg" 

5. The Mass of Earth is equal to: (BWP. GI, MLN, GI, SGD. GD 
(A) 6*«104 kg (B) 6*10!4 kg (C) 6« 1024 N (D) 61074 kg 


1. Infinity 2. 6.673x10"'Nm’kg* 3. Galileo 4. 10Nkg! 5. 6x10%4kg 
%x Give short answer to the following questions. 
1. Define law of gravitation. (LHR. GI & GIL, BWP. Gt & GIl, MLN, GII, GRW. GI) 
Ans. Law of Gravitation: According to Newton's law of universal gravitation, every 
body in the universe attracts every other body with a force which is directly 
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proportional to the product of their masses and inversely proportional to the square 
of the distance between their centres. 
¢. Omm, 
2. What is the gravitational field strength near the surface of the earth? (Lurk. Gh 
Ans. Near the surface of the Earth. the gravitational field strength is 10 Nkg '. 
3. Why can we not feel force of gravitation around us? (CRW. GUD) 
Ans. Due to small value of G. the gravitational force of attraction between objects around 
us is very small and we do not feel it. Since the mass of Earth is very large, it 
atiracts nearby objects with a significant force. The weight of an object on the Earth 
is the result of gravitational force of attraction between the Earth and the object. 
4. Why the law of gravitation is important for us? (FBD. GI. MLN. GD 
Ans, Newton's law of gravitation is very important to us. Because life can not imagine 
without this. This is the force of gravitation which is responsible for the survival of 
every object in the universe. We can determine the mass of Earth, density of Earth 
and orbital speed of satellite only because of this law, Artificial satellites are used 
for communication purposes. and carry instruments or passengers to perform 
experiments in space. 


5. Give the value and unit of G in gravitational law. (FBD. Gil) 
Ans. G = 6.673 * 10 !! Nmtkg 2 
6. What is meant by Gravitational Field? (MIN. GH, BD. GI, DGK. GI) 


Ans. The region around the Earth in which Earth attracts the cther bodies is called 
gravitational field. 

7. Whaut is meant by Gravitational force? (SGD. GL DOK.GIL LIIR. GL. GRW. GI) 

Ans. Gravitational foree: The force due to which every body of the universe attracts 
every other body is called force of gravitation. 

8. What is ficld force? (SGD. GIL MLN, GU. RWP, GI) 

Ans. The weight of a body is due to the gravitational force with which the Earth attracts 
a body. Gravitational force is a non-contact force. For example, the velocity of a 
body, thrown up. goes on decreasing while on return its velocity goes on increasing. 
This is due to the gravitational pull of the Earth acting on the body whether the 
body is in contact with the Earth or not. Such a force is called the field force. 

9. Define gravitational fleld strength. (SWE GU. SGD. GL RWP. GI & GI) 

Ans, (he gravitational field becomes weaker and weaker as we go farther and farther 
away from the Earth. In the gravitational field of the Earth, the gravitational force 
per unit mass is called the gravitational field strength of the Earth. At any place its 
value is equal to the value of g at that point. Near the surface of the Earth, the 
gravitational field strength is |ONkg !. 
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10. What is the direction of gravitational field? (DGK, Gi) 
Ans, The direction of gravitational field is toward the centre of the earth. 
11. Write the value of Mass of Earth with Unit. (MLN. GI) 


Ans. Mass of Earth ~— 6.0 « 10 Kg 
12. If R=6.4*10°m, G=6.673*10''' Nm?kg? and g=10ms-?, then find Mass of 


earth? 
Sol. We know that (RWP. G1) 
- oe 
¢ G 
G = 6.673 * 10-'' Nm2Kg~?, g = 10ms~, 
R= 64 =« 10m 


Put the above values 
_ (6.4.«108}* x (10") 


Me =a ee 
6.673«10 "' 
_ 6.4x6.4 x10" x10" 
Me = ~~ 6673«10 " 
M, = 6x10" 
M, = 6* 107%4kp 
hei §=6Variation of g with altitude : 
5.4 Artificial Satellites 
% Tick the correct answer. 
1. The value of 'g' at the surface of moon is: (GRW, G1, MLN, Gl, LURK. GI) 
(A) 1.06ms°2 (B) |.6ms 2 (C) l.6ms (D) 0.16ms-? 
2. The value of g at a height of one earth's radius above the surface of the earth 
is: (SWL. G1, SGD. Gil, BWP. Git, RWP. GI) 
l I | 
(A) 2g (B) 58 (C) 78 (D) Z 
3. The value of 'g’ on Mars is; (SGD. GD 
(A) 3.73ms 2 (B) |.62ms ? (C)8.87ms 2 (D) 10 ms? 
4. Moon completes its one revolution around the earth in: (LURK. GH, BWP. Gil) 
(A) One day (B) 17.3 days (C) 22.3 days (D) 27.3 days 
5. The orbital speed of a low orbit satellite is: (FBD. Gi & Gil, LR. GI, MLN. Gil) 
(A) 0 (B) 8ms=! (C) 800ms-! (D) 8000ms-! 
6. The velocity of Geostationary satellite with respect to earth is: (RWP. GI) 
(A) zero (B) Skmh+ (C) 10kmh-! (D) 1Skmh~! 
I 
1 1.6ms2 2 4% 3. 3.73ms? 
4. 27.3 days 5. 8000ms-! 6. zero 
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% Give short answer to the following questions. 
1. Write equation of gravitational acceleration at height h from the surface of 


earth according to Newton's law of gravitation. (GRW. GI) 
Ans. The equation of gravitational acceleration at heigh h is 
M, 
OR HF 
2. Value of 'g' decreases with height. Give its reason. (SWL. GI) 


Ans. The value of "g" decreases with altitude. Altitude is the height of an object or place 
above sea level. The valuz of g is greater at sea level than at the hills. 
GM 


3. IfR is doubled then what will be change in 9= RZ equation? (SWL. Gil, LURK GI) 
Sol. 2 = GM, 
R? 
Put R=2R 
GM, GM 
8 ~ GRE ~ at , 
‘ rice 
& = 4\ R 


If we put R = 2R in equantion g = oe then the value of "g" becomes one-fourth. 


4. Why is the value of 'g' is different at different places? (SGD. Gl) 
Ans. As we know that the value of gravitational acceleration depends on the radius of the 
Barth. 
9- SM 
=o 


Value of (g) is inversely proportional to the radius of Earth, This varies with height. 
By increasing height the value of g will decrease and by decreasing height the value 
of g will increase. This is the reason that the value of g is greater at sea level than at 


the hills. 
5. On which factor Gravitational Acceleration depends? Describe its change with 
respect to height. (MLN. GR 


Ans. The value of gravitational acceleration "g" depends upon the radius of the Earth at 
its surface. The value of g is inversely proportional to the square of the radius of the 
Earth. But it does not remain constant. It decreases with altitude. 

M 
g-GE: 


6. Why does the value of "g" vary from place to place? (SWL. Gl, BWP. GI) 
Ans. As we know that the value of gravitational acceleration depends on the radius of the — 
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9" a 
Value of (g) is inversely proportional to the radius of Earth. This varies with height, 
By increasing height the value of g will decrease and by decreasing height the value 
of g will increase. This is the reason that the value of g is greater at sea level than at 
the hills. 

7. Describe the change in 'g" gravitational acceleration with height. (DGK. Gi) 


M 
Ans, As we know g= Sh This equation shows that the value of acceleration due to 


gravity g depends on the radius of the Earth at its surface. The value of g is 
inversely proportional to the square of the radius of the Earth. But it does not 
remain constant. It decreases with altitude. Altitude is the height of the body or 
place from the sea level. The value of g is greater at sca level than at the hills. 
Consider a body of mass (m) at an altitude (h). The distance of the body from the 
centre of the Earth becomes R+h. 


M 
on = SRT 


According to this equation, we come to know that al a height equal to one Earth 
radius above the surface of the Earth, g becomes one fourth of its value on the 
Earth. Similarly at a distance of two Earths radius above the Earth's surface, the 
value of g becomes one nnth of its value on the Earth. 

8. Describe the navigation system, (LHR. GI) 

Ans. Global positioning system (GPS) is a satellites navigation sysiem. It helps us to find 
the exact position of an object anywhere on the land, on the sea or in the air GPS 
consists of 24 Earth satellites. These satellites revolve arounc the Earth twice a day 


with a speed of 3.87 kms“!. 
9. What is height and speed of Geo Stationary Satellite from the surface of the 
earth? (LHR. GH, FBD, Gil, MLN, GI) 


Ans. The height of a geostationary satellite is about 42300 km from the surface of the 
Earth, Its speed with respect to Earth is zero, 


10. Why communication satellites are stationed at geostationary orbits? 
(GRW. G1, SWL, GI, DGK. GI) 


Ans. Geostationary satcllites take 24 hours to complete their one revolution around the 
Farth. As Earth also completes its one rotation about its axis in 24 hours, hence, 
these geostationary satellites appear to be stationary with respect to Earth, 

11, What is meant by global positioning system? (GRW. GH, RWP. GI, BWP. GD 

Ans, Global Positioning System (GPS) is a satellites navigation system. It helps us to 
find the exact position of an object anywhere on the land, on the sea or in the air. 


e 
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GPS consists of 24 Earth satellites. These satellites revolve around the Earth twice a 
day with a speed of 3.87 kms-!, 

12, What are the artificial satellites? (FED. G1. SWI. GL DGK. GD 

Ans. Scientists have sent many objects into space. Some of these objects revolve around 
the Earth. These are called artificial satellites. 

13. Define geostationary orbit. (SWL. GI, GRW. GI} 

Ans. Communication satellites take 24 hours to complete their one revolution around the 
Earth. As Earth also completes its one rotation about its axis in 24 hours, hence 
these communication satellites appear to be stationary with respect to Earth. It is 
due to this reason that the orbit of such a satellite is called geostationary orbit. 


14. What is communication satellite? Write down its height from surface of earth. 
(RWP. GI) 


Ans. Scientists have sent many objects into space. Some of these objects revolve around 
the Earth. Some of these are used for communication purposes, These satellites are 
at a height of about 42, 300 km from the surface of Earth. 

1S. On what factors, the orbital speed of Satellite depends? (BWP. Gl, SGD. GI) 

Ans. Orbital speed of the satellite depends only on gravitational acceleration of Earth 
and radius of the Earth, It is clear from the given formula. v, = /gR 

16. Write the formula of artificial satellite's orbital speed. (GRW. GD) 

Ans. The speed of artificial satellite is find out by the formula: 

V, = Vg.{R +h) 

17. What is a satellite and Geostationary satellite? (SGD. Git) 

Ans. Satellites; An object that revolves around a planet is called a satellite. 

Geostationary satellites: Gcostationary satellites are those satellites whose velocity 
relative to Earth is zero. ‘hese satellites remain stationary with respect to the Earth 
al a height of about 42,300 km from the surface of the Earth. 

Example: Communication satellites. 

18. Write two uses of Artificial Satellite. (BWP. GH) 

Ans. 1, Most of the artificial satellites. orbiting around the Earth are used for 

communication purposes, 
2. Artificial satellites carry instruments or passengers to perform experiments in 
space. 
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WORK AND ENERGY 


@ STUDENTS LEARNING OUTCOMES 
After studying this unit, the students will be able to: 
detine work and its S] unit 
calculate work done using equation 
@® Work=forcexdistance moved in the direction of force 

~  deline energy, kinetic energy and potential energy. State 
unit of energy. 


Potential energy 


- prove that kinetic energy Ex = =m" and potential energy 
Ep - mgh. Solve problems using these equations. 

- _ list the different forms of energy with examples. 

~ _ describe the processes by which energy is converted 
from one form to another with reference to 
@ fossil fuelenergy @ hydroelectric generation 
® solar energy @ nuclear energy 
@® geothermalcnergy ®@ wind energy 
@® biomass energy 


- Slate mass energy equation E=mc? and solve problems using it, 

- describe the process of electricity generation by drawing a 
block diagram of the process from fossil fue! input to 
clectricity output. 

r- _ list the environmental issues associated with power generation. 


yr differentiate energy sources as non renewable and Major Concepts: 
renewable energy sources with examples of each, 6.1 

r explain by drawing energy flow diagrams through steady _ 

stale systems such as filament lamp, a power station, a 6.5 

vehicle travelling at a constant speed on a level road. 6.6 interconversion of energy 
= eg : 6.7 Major sources of energy 

define efficiency of a working system and calculate the 6.8 Elficiency 

efficiency of an energy conversion using the formula. 6.9 Power 

Efficiency = energy output converted into the required form / total energy input. 

explain why a system cannot have an efficiency of 100%. 

define power and calculate power from the formula: 


Power = work done / time taken = 


X 


@. \ @ 
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» — define the unit of power "watt" in SI and its conversion with horse power. 
» — solve problems using mathematical relations learnt in this unit. 


INVESTIGATION SKILLS: 

» investigate conservation of energy of a ball! rolling down an inclined plane using 
double inclined plane and construct a hypothesis to explain the observation. 

» compare personal power developed for running upstairs versus walking upstairs 
using a stopwatch, 

SCIENCE, TECHNOLOGY AND SOCIETY CONNECTION: 

>» analyse using their or given criteria, the economic, socia! and environmental impact 
of various energy sources. |e.g. (fossil fuel, wind, falling water, solar, biomass, 
nuclear, thermal energy and ‘ts transfer (heat)} 

7 analyse and explain improvements in sports performance using principles and 
concepts related to work, kinetic and potential energy and law of conservation of 
energy (e.g. explain the importance of the initial kinetic energy of a pole vaulter or 
high jumper). 

» — search library or internet anc compare the efficiencies of energy conversion devices 
by comparing of energy input and useful energy output. 

» explain principle of conservation of energy and apply this principle to explain the 
conversion of energy from one form to another such as a motor, a dynamo, a photo 
cell and a battery, a freely falling body. 

> list the efficient use of energy in the context of the home, heating and cooling of 
buildings and transportation. 

Introduction: Generally, work refers to perform some task or job. In science, work has 

precise meaning. For example, a man carrying a load on his head is not doing any work. 

Scientifically, work is done only when an effort or force moves an object. When work is 

done, energy is used. Thus, work and energy are related to each other. The concept of 

energy is an important concept in Physics. It helps us to identify all the possible changes 
that occur when work is done. This unit deals with the concepts of work, power and 


energy. 


QI. What is work? Write a detail note on work. 
Ans: WORK: 

Work is said to be done when a force acting on a body displaces it in the direction 
of the force. 
Explanation: 

Suppose a Force (F) acting on a body displaces it through some distance (S) in the 
direction of force as shown in given figure. 


—_ 


J 
7 


| 
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Figure 6.1: Work done in displacing a body in the direction of force 


So work done can be found out by the following relation; 

Work done = Force * displacement 

Greater is the force acting on a body and longer is the distance moved by it, larger 
would be the work done. 
Formula: Mathematically, work is a product of force (F) and displacement (S) in the 
direction of force. 

W=FxS 

Thus no work will be done if either F or S is zero, 
if force and displacement do not have same direction: 

Sometimes the force and displacement do nol have the same direction such as 
shown in given figure. 


Figure 6.2: Work done by a force inclined with the displacement 
In this case, force F is making an angle 0 with the surface on which body is 
moved, 
Rectangular components of vector F: 
Vector F can be resolved into its rectangular components Ix and Fy.; 
Horizontal component of vector F: Horizontal component of vector F can be 
represented by Fx, It can be found by following formula. 
F, =Feos0 
Vertical component of vector F: Vertical component of vector F can be represented by 
Fy, it can be found by following formula. 
F, = Fsin0 
In case when force and displacement are not parallel then only the x-component F, 
parallel to the surface and not the y-component F,. 
Hence W = FS 
= (Fcos6)$ 


W = FScos@ 
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Work is done when force acting on a body displaces it, in the direction of force: 
Scalar quantity: Work is a scalar quantity, because it needs only magnitude to describe it 
completely. 
Factors on which work depends: Work depends on the force acting on a body, 
displacement of the body and the angle between them. 
Unit of Work: S! unit of work is joule (J). 
Definition of joule: the amount of work is one joule when a force of one newton 
displaces a body through one metre in the direction of force, 

Thus IJ = INXIm 
Bigger units of work: 

Bigger units of work are given as. 

| kilo joule (kJ) = 1000 J = 103 J 

| mega joule (MJ) = 1000,000 J = 10° J 
MINI EXERCISE 

A crate is moved by pulling the rope attached to it. I! moves 10 m on a straight horizontal road by a force of 

100 N. How much work will be done if. 


1. The rope is parallel to the road. 
2. The sae ie seg se ene et 20" veh the cond, 


F 100N 
$ 10m 
Ww ? 
Fx$ 


Solution: A ge ama 
FS cos () 
100* 10 cos (30° 
1000 (0.866) 


Example 6.1) A girl carries a 10 kg bag upstairs to a height of 18 steps, each 20 


em high. Calculate the amount of work she has done to carry the bag. 
(Take g = 10 ms-). 
Solution: Mass of the bag =m = 10 kg 
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Weight of the bag w = mg 
10 kg * 10 ms-2 
~ 100'N 
Yo carry the bag upstairs, the girl exerts an upward force F equal to w, the weight of 
the bag. Thus 


" 


P 100N 
Height h = 18*x0.2m = 3.6m 
W- Fh 


100x3.6 = 3605 
The girl has done 360 J of work 


Q2. What is energy? Explain with examples. What are types of energy? 
Ans: Energy: A body possesses energy if it is capable to do work. 

‘The energy is an important and fundamental concept is science. It links almost all 
the natural phenomena. When it is said that a body had energy, it means, that it has the 
ability to do work. 

Example: Water running down the stream has the ability 19 Ay 
do work, so it possesses energy. The energy of running water ¥ 
can be used to run water mills or water turbines. 
Types of energy: 
Energy exists in various types which are given below, 
1. Mechanical energy 2. Heat energy 


3. Light energy 4. Sound energy . 

5. FElectricalenergy 6. Chemical energy "Neus 6 .3: Running water 

7. Nuclear energy possesses energy. 
Types of mechanical energy: Mechanical energy possessed by a body is of two types. 

1. Kinetic energy 2. Potential energy 


Energy can be transformed from one form into another. 


| 6.3 Kinetic energy 


Q3. What is kinetic energy? Give examples. How formula of kinetic energy can 
be proved? 
Ans: Kinetic energy: 
The energy.possessed by a body due to its motion is called its kinetic energy. 
Example # 1: 
Wind is air in motion, wind energy can be used for doing various things. 
It drives windmills and pushes sailing boats. 
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Example # 2: Fast moving water in a river can carry 
wooden logs through large distances and can also be used 
to drive turbines for generating electricity. 

Example # 3: A moving bedy has kinetic energy, 
because it can do work due to its motion. As sOon as, 
body stops moving, it looses all of its kinetic energy. . 
Formula of K.E can be proved as: Consider a body of} 3 
mass (mM) moving with velocity iv.) The body stops after . 
covering some distance (S) due to some opposing force| Figure 6. 
such as force of friction acting on it, moves the sailing boats. 
The body possesses kinetic energy and is capable to do work against opposing force 
F until all of its kinetic energy is used up. 
As we know, 
Kinetic energy of the body = Work done by it due to motion 
K.E = Force * displacement 
K.E=FxS, —-» (I) 
In this case 


Vv. =v 
vy, = 0 

According to Newton's second law of motion: 
F —ma 


F 
a=-— 
m 
In the given case, the motion is opposed, hence (a) is negative. 
According to 3rd equation cf motion: 
2aS=vj =v? 


By putting the all values in this equation 


et 
a= 'S =(0)* —(v)’ 
m 


m 


Both sides of equation have minus sign, so these signs are cancelled out. So, 


2S oy 
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FS -5 mv? —~ (2) 
From eq (1) and (2) following relation can be obtained. 
K.E -5 my’ —— > (3) 


Equation (3) gives the kinetic energy possessed by a body cf mass (m) moving with 
velocity (¥). 
A stone of mass 500g strikes the ground with a velocity of 20ms-!. 
How much is the kinetic energy of the stone at the time it strikes the 


ground? 
Solution: m = 500g = OSkg 
v = 20ms! 


Since KE = mv 


KE = + 0-5kgx(20ms )? 


KE +0.5kgx400m's” 


K.E. = 100J 
Thus, the kinetic energy of the stone is 100) as it strikes the ground. 


| 6.4 Potential energy 


Q4. What is potential energy? Give examples to explain. Prove the relation 
P.E=mgh: 
Ans: Potential energy: 
The ability of a body to do work due to its position is known as its potential energy. 
OR 
The kind of energy which a body possesses due to its position is called its potential 
energy- 
Example # I: Stored water before it runs down possesses 
potential energy, due to its height. 
Example # 2: A hammer raised to some height has the 
ability to do work because ‘1 possesses potential energy. é 
Example # 3 (Elastic potential energy): Hammer raised up 
A stretched bow has potential energy due to its stretched position, When released. | 
the stored energy of the bow pushes the arrow out of it, 
The energy present in the stretched bow is called elastic potential energy. 
Example # 4, Gravitational potential energy: Whe energy present in a body due to its ' 
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height is called gravitational potential energy. 

The potential enerey possessed by a hammer is due to its height. 
P.E = mgh, this relation can be proved as: 
Consider a body of mass (m). Let it be raised through height (h) from the ground. 

Vhe body will acquire potential energy equal to the work done in lift.ng it to height h. 
mass of the body = m 
Force lifting the body = F = w = me 
height attained = S -h 
Work done on the body = W= FS 
As we know, 

Fore = Weight. Distance - height 

r= Ww » S=h 
Work done on the body = W= w *h ——> (1) 
According to the formula of weight 

Weight — mass * gravitational acceleration 

w= ing 
By putting the value of weight in eq (1) 
Work done on the body = W = mgh 
The work done W in raising the body to height h appears as its potential energy. 
Potential energy of the body = mgh 

P.E = mgh, 
Thus, the potential energy possessed by the body with respect to the ground is mgh 
and js equal to the work done in lifting it through height h. 


A body of mass 50 kg is raised to a height of 3 m. What is its 
potential energy? (g = 10 ms-2) 

Solution: mass m = S50 kg 

height h =3m 
yp =10ms2 
as Pk =meh 
: PE =50kg*10ms 2*3m 
PE -30*10x3) 15003 
‘The potential energy of the body is 1500 J. 

A force of 200 N ucts on a body of mass 20 kg. The force 
accelerates the body from rest until it attains a velocity of 50 ms-!. Through 
what distance the force acts? 

Solution: Porce F = 200N 

Mass m = 20 kz 


So 
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Velocity v = 50 ms! 
Distance S$ =? 
Since Work done on the body ~ K.E. gained by it. 


FS = =m’ 
(20 kg) (S0ms ')" _ 


2x 200N 
Thus, the distance moved by the body is 125 m. 


BEB Forms of energy 


QS. What are the main forms of energy? Discuss them briefly. 
Ans: Energy exists in various forms. Some of the main forms of energy are given in the 


a 
Ga 


Figure 6.6: Sume of the nila forms of energy 
1. Mechanical energy: Whe energy possessed by a body both 
due to its motion or position is called mechanical energy. 

Examples; Water running down a stream, wind, a moving cat, 
a lifted hammer. a stretched bow. a catapult or a compressed 


S$ = 125m 


spring etc, possess mechanical energy. 


2. Heat energy: Heat is a form of energy given out by hot} . 7 wore 
Figure 6.7: A water mill 


bodies, 
Sources of heat energy: 
= Large amount of heat is obtained by burning fuel. 


= Heat is produced when motion is opposed by] 27° 

trictional forces, / 
—> The Sun is the main source of heat energy. 
Example: The toods which are eaten by humans provide 
heat energy to them. 


3. Electrical energy: Figure 6.8: Heat energy coming 
Electricity is one of the widely used form of energy. from the Sun, 
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Electrical energy can be supplied through wires, easily to any desired place. 
Sources of electrical energy: 
Electrical energy can get from batteries and 
electric generators. 
Most of the electric generators are run by hydro 
power, thermal or nuclear power, 
Example: Most of the things of our daily use need 
electrical energy for their operation. 
4. Sound Energy: Sound isa form of energy. 
Prouduction of sound: Sound is produced when a body vibrates. 
Examples: Following instruments produce sound. 
(i) Vibrating diaphragm of a drum. 
(ji) Vibrating strings of a sitar. 
(iii) Vibrating air column of wind instruments such as flute pipe etc. 
(iv) When a door is knocked, a sound is produced. 
5. Light energy: Light is an important form of energy. 
Sources of light energy: 
= Sun is the great source of light energy. 
=> Light energy can be obtained from candles, electric bulbs, Muorescent tubes and 
also by burning fuel. 
Importance of light energy: 
= Plants produce food in the presence of light. 
=> Light Is necessary to see things. Light is needed during night also to see things. 


Figure 6.9: Most of the things of our 
daily use need electrical energy for 
their operation. 


Figure 6.10: Sound 


6. Chemical Energy: 
Chemical energy is present in food, fuels and in other 
substances. The energy is released from these substances 
during chemical reactions. 
Energies produced by burning process: 
Che burning of wood, coal or natural gus in air is a 
chemical reaction which releases energy as .eat and light. 


Figure 6.12: (») Cooking stove 
with compressed gus cylinder 
(b) sectional view of electrical cell, 
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Source of electric energy: Electric energy is obtained from DO YOU KNOW? 
electric cells and batteries as a result of chemical reaction 
between various substances present in them. 
importance of food for animals: 

Animals get heat and muscular energy from the food 
they eat. 
7. Nuclear energy: 

Nuclear energy is the energy released in the form of 
nuclear radiations in addition to heat and light during lyoo¢ 
nuclear fission and fusion reactions. i 


Nuclear reactors are source of electrical energy: DO YOU KNOW? 


Heat energy released in nuclear reactors is converted Navclear power plant use 
. he eaergy released in nucleo 
into electrical energy. 


: : actor such as fission to genera 
So, nuclear reactor is a source of electrical energy. ctrik power. 
Reason of solar energy: 


The energy coming from the Sun for the last billions of years is the result of nuclear 
reactions taking place on the Sun. 


BAB interconversion of energy 


Q6. What do you mean by interconversion of energy? Explain with examples. 
Ans: Energy cannot be destroyed however it can be converted from one form to another 
form. But total energy of the system at any time remains constant. 
Example # 1; By rubbing sands quickly, these will be 
warmed, its mean in rubbing hands muscular energy is used 
and as a result heat is produced. 
In this process of rubbing hands, mechanical energy is 
converted into heat energy, 
Example # 2: The given figure shows interconversion of 
kinetic energy into potential energy and potential energy 


into kinetic energy. neti Kinetic 


At the surface of the Earth, the potential energy of the | Figure 6.13: Interconversion of 


body will be zero while at this point its kinetic energy is ead potential exergy late 


maximum. kinetic energy. 

At the highest point, the kinetic energy of the body will be zero while its potential 
energy is maximum at this point. 
interconversion of energy in nature: 

Processes in nature are the results of energy changes. 
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Potential Energy 


Solar energy absorbed by oceans: Some of the heat energy from the Sun is ehsorbed 
by water in the oceans. This increases the thermal energy. 


Function of thermal energy in oceans: 

lhermal energy causes water to evaporate from the 
surface to form water vapours, 

Formation of clouds: As these water vapours rise up, 
they form clouds. 

As these water vapours in the clouds cool down, 
they form water drops. These water drops fall down as 
rain. 

Potential energy changes into kinetic energy: 
‘. mie: } — i 
. Potential energy changes into kinetic energy as the] , pole vaulter uses a flexible voulting 
rain falls. This rain water may reach a lake or a dam. pole made of special material. It is 
Kinetic energy changes into thermal energy: capable to store all the vavitor's 
‘ 7 ee | kinetic energy while bending in the 

As the rain water flows down, its kinetic energy J 
: ; é _ =| form of potential energy. The vaulter 
changes into thermal energy while parts of the kinctic| runs as fast as possible fo gain speed. 


energy of flowing water is used to wash away soil| The kinetic energy gained by the 
urtintne al enne . : voulfer due to speed helps him/her to 

particles of rocks known as soil erosion. rive up on She vutibor straightons. 1 

During the inter-conversion of energy from ONC] ge attains height as the pole returns 


form to other forms, the total energy at any time remains} the potential energy stored by the 
constant, vaultor in the pole. 


Major Sources of Energy 


Q7. What do you know about sources of energy? Write an extensive note. 
Ans: Ihe energy which is used by us comes [rom the Sun, wind and water power etc. 
Sun: Sun is the greatest and main source of energy. Actually, all of our energy comes 
directly or indirectly from the Sun. 
Basic sources of energy: Where are basically two sources of energy. 

(1) Fossil Fucts (2) Nuclear Fuels 


\% 
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(1) Fossil Fuels: Fossil fuels are used by us to run industry and transport such as coal, 
oil and gas. These are also used to heat our houses. 
Hydrocarbons: 

Fossil fuels are usually called hydrocarbons (compounds of carbon and hydrogen). 
Reaction of hydrocarbons: 

When hydrocarbons are burnt, they combine with oxygen from the air. 

The carbon becomes carbon dioxide, hydrogen becomes hydrogen oxide called 
water, while energy is released as heat. 


(a) Incase of coal: 

In case of coal reaction will take place as. 

Carbon + Oxygen ——>» Carbon dioxide + heat energy. 
(b) Incase of oil and gas: 

In case of oil and gas, reaction will take place as 

Hydrocarbon+oxygen — carbon dioxide+watert+heal energy 
Non-renewable resources: The fossil fuels took millions of years 
for their formation. So, they are known as non-renewable resources. 
Usage rate of fossil fuels: Fossil fuels are used by us at a very fast 
rate. Their use is increasing day by day to meet our energy needs, 

If we continue to use these fossil fuels at a present rate, these 
will soon be exhausted. 


Problems related with the exhausted supply of fossil fuels: Figure 6.17: An oil field 
=> Once the supply of fossil fuels is exhausted, the world woud face serious energy 
crisis, 


= Fossil fuels would not be able to meet our future energy demands. 

=> Exhausted supply of fossil fuels would cause serious social and economical 
problems for countries like us. 

Method to save the fossil fuels: To save the fossil fuels, these must be used wisely by 

us and at the same time, we should develop new energy sources for our future survival. 
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Harmful waste products released by fossil fuels: 
Many harmful waste products are released by fossil fuels. These wastes include 
carbon mono-oxide and other harmful gases, which pollute the environment. 
Problems related with harmful products of fossil fuels: 
Harmful products of fossi| fuels cause serious health problems such as headache, 
tension, nausea, allergic reactions, irritation of eyes, nose and throat, 


Figure 6.18: Pollution due to burn! 

Long exposure of these harmful gases may cause asthma, lungs cancer, heart 
diseases and even damage to brain, nerves and other organs of our body. 
2. Nuclear fuels: Nuclear fuels are also source of energy. 
Nuclear fission: In nuclear power plants. energy is obtained by 
using Uranium. . 

The process taking place in nuclear reactors is known as 
nuclear fission. 
Nuclear fission reaction is a Source of energy: 

During fission reaction, the heavy nucleus of an atom splits up 
into smaller parts releasing a large umount of energy. Nuclear power 


; ? ee Figure 6.19: Nuclear 
plants give out a lot of nuclear radiations and vast amount of heat. tee] pallets used In 


Disadvantages of nuclear reactions: ear reactors. 

=> Nuclear fuels has dangerous wastes. 

= Nocomplete safe method has yet been discovered for their disposal 

= Nuclear power plants give off a lot of waste heat, which can be harmful to the 
environment. 


V8. What are the renewable energy sources. Write a detail and extensive note 
on them. 
Ans: Renewable energy sources: The energy sources which will not run out like coal, 
oil and gas and can be used again and again are called renewable energy sources. 
Sunlight and water power are the renewable sources of energy. 
1. Energy from water: 
Energy from water power is very cheap, Water power is becoming more popular. 
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Construction of dams: 
Dams are being constructed at suitable locations in different parts of the world. 
Advantages of dams: Dams are used for many purposes. 
(1) Dams help to control floods by storing water. 
(2) The water stored in dams is used for irrigation and also to gencrate electrical energy 
without creating much environmenta 


Figure 6.20: Energy stored in the water of o dam is used to run power plants 
2. Energy from the Sun: Solar cnergy is the energy coming from the Sun. The energy 
coming up from the Sun is used directly and indirectly. 
Importance of solar energy: 
All the lives on the Earth are dependent on the Sun for all their food and fucls. 
Advantages oi solar energy: 
= Sunlight does not pollute the environment in any way. 
=> The Sunrays are the ultimate source of life on Earth. 
= If we find a suitable method to use a fraction of the solar energy reaching the Earth, 
then it would be enough to fullfil our energy requirement. 
Solar House Heating: Ir is an important way 
to use solar energy. ae 
The use of solar energy is not new. 
However, its use in houses and offices as 
well as for commercial industrial purposes is 


quite recent. 
Parts of solar house heating: 
Complete solar house heating systems 
‘ 3 t Hot water tap 
are successfully used in areas with a Cold water 
minimum amount of sunshine in winter: Figure 6.21: A Solar house heating system 


A heating system consists of. 

@® Acallecter @ Astoragedevice ® A distribution system 

Above figure shows a solar collector made of glass panels over blank metal plates. 
Function of blank metal plates: The blank metal plates absorb the Sun's energy which 
heats a liquid flowing in the pipes at the back of the collector. a 
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Use of hot water: Hot water obtained by the solar house can be] 3% 
used for cooking, washing and for heating the buildings. 
Purposes of solar energy: Solar energy is used in solar cookers, 
solar distillation plants, solar power plants ete. 
Solar cells: Solar energy can also be converted directly into 
electricity by solar cells, Figure 6.22: A solar car 
Photo cells: A solar cell also called photo cell. It is made from silicon wafers. 
Principle of solar cell: When sunlight falls on a solar cell, it converts the light directly 
into electrical energy. 
Uses of solar cell: 
= Solar ceils are used in calculators, watches and toys. 
=> Large number of solar cells are wired together to 

umm solar panels, 
Uses of solar panels: 
= Solar panels can provide power to telephone booths, 
light houses and scientific research centres. Figure 6.23: A solar panel fixed at 

= Solar panels are also used to power satellites. the roof of a house 
Importance of use of solar energy in future: 

If scientists could find an efficient and inexpensive method to use solar energy, 
then the people would get clean, limitless energy as long as the Sune continues to shine. 
3. Wind energy: Wind has been used as a source of | g& 
energy for centuries. 

Importance of wind energy: 

= Wind energy has pewered sailing ships across the 
oceans. 

=> Wind energy has been used by windmills to grind] © 
grain and pump water. 

=> More recently, wind power is used to turn wind 
turbines. Figure 6.24: Wind turbines 

Operation of power plant: When many wind machines are grouped together on wind 

farms, they can generate enough power to operate a power plant. 

Usage of wind energy in United States: In the United States, some wind farms generate 

more than 1300 MW of electricity in a day. 

Usage of wind energy in Europe: In Europe, many wind farms routinely generate one 

hundred or more megawatts electricity a day. 

4. Geothermal Energy: tn some parts of the world, the Rarth provides us hot water 

from geysers and hot springs. 
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Definition: There is hot molten part, deep in the Earth called 
magma. Water reaching close to the magma changes to steam 
due to the high temperature of magma. This energy is called 
geothermal energy. 

Process fo obtain geothermal energy: 

Places, where magma is not very deep, geothermal well 
can be built by drilling deep near hot rocks, 

Water is then pushed down into well, The rocks quickly 
heat the water and change it into steam. 

lt expands and moves up to the surface, 

The steam can be piped directly into houses and offices for heating —— or it 
can be used to generate electricity. 

5. Energy from biomass: 

Biomass is plant or animal wastes that can be burnt as fuel. 

Other forms of biomass are garbage, farm wastes, sugarcane and other plants. 
Advantages of biomass energy: pa | 
(a) The energy which is obtained by biomass, is used to| >} 

run power plants. 
(b) Many industries that use forest products get half of} ; 

their electricity by burning bark and other wood wastes. 
{c) Methane obtained from biomass is used to generate} 5 
electricity. 
Problems related with biomass energy: 

Biomass oan serke as another source of energy, but Figure 6.26: A biomass plant 
problems are there in its use. wsing onimol dung 

When animal dung, dead plants and dead animals decompose, they give off a 
mixture of methane and carbon dioxide which is considered as a pollutant. 

Q9Y. How will you define and explain mass-energy equation? 
Ans: Einstein predicted the interconversion of matter and energy. 
Einstein's view: 

According to Einstein, a loss in the mass of a body provides a lot of energy. 

This happens in nuclear reactions, 

Einstein's equation: The relation between mass (m) and enregy (E) is given by Einstein's 
mass energy equation. 


E = mc? 
_ Here c is the speed of light. Its value is (3108 ms-!), 
Matter is a source of energy: Einstein's equation shows that tremendous amount of 
energy can be obtained from small quantity of matter. 
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It appears that matter is a highly concentrated form of energy. 

Application of Einstein's energy in nuclear power plant: 

The process of getting energy from our nuclear power plants is based on the 
Einstein's cquation. 

Relation of fission reaction with solar energy: 

The process of fission reaction is taking place on the Sun and on the stars for the 
last millions of years. Only a very small fraction of the Sun's energy is reaching the Earth. 
This very small fraction of the Sun's energy is responsible for life on the Earth. 

Q10. How electricity can be obtained from fossil fuels? Write brief note. 
Ans: Electricity is used in houses, offices, schools, business centres, factories and farms. 

Electricity can be obtained by different ways. 

Electricity from fossil fuels: 

Most of the electricity is obtained using fossil! fuels such as oil, gas and coal, 
Burning of fossil fuets: 

Fossil fuels are burnt in thermal power stations to produce electricity. 

Energy conversion processes to obtain electricity from fossil fuels: 

Various energy conversion processes are involved to obtain electricity from fossil 

fuels. 


Electricity 
output 
from an 
electric 

generator 


Ruming Changing PE Transferring Mechanical cnergy 
Process Into Mechanical K.F. Mechanical energy into Eleciric energy 


Figure 6.27: Several energy conversion processes are involved in producing electricity. 


Q11. How energy and environment are related with each other? Write a detail 
note, OR ‘ 
How environmental problems are related with energy. How these problems 
can be controlled? 

Ans: Environmental problems such as pollution that consist of noise, air pollution and 
water pollution may arise by using different sources of energy such as fossil! fuels 
and nuclear energy. 

Pollution: Pollution is the change in the quality of environment that can be harmful and 

unpleasant for living things. 
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Thermal pollution: 

A temperature rise in the environment that disturbs life is called thermal pollution. 
Effect of thermal pollution: Thermal pollution upsets the balance of life and endangers 
the survival of many species. 

Air pollution: Air pollution has very bad impact on environment. 
Air pollutants, are unwanted and harmful. 
Air pollutants released from natural processes: 
= Natural processes such as volcanic eruptions, forest fires and dust storms add 
pollutants to the air. 
=> These pollutant, rarely build up to harmful levels and are very dangerous for health. 
Air pollutants released from human activities: 

The burning of fuel and solid wastes in homes, automobiles and factories releases 
harmful amount of air pollutants. 

Waste heat produced by power plants: 

All power plants produce waste heat, but fission plants produce the most. 

Impact of heat in environment: The heat released by power plants into a lake, a river or 
an Ocean upsets the balance of life in them. 


Pollutants released by power plants: 

=> Power plants release a large amount of carbon dioxide in environment. 

= Nuclear power planis do not produce carbon dioxide but produce dangerous 
radioactive wastes as pollutants. 

Methods used to control pollution: 

In many countries governments have passed laws to controj air pollution. Some of 
these laws limit the amount of pollution that is released by power plants, factories and 
automobiles. 

Use of catalytic convertors: To reduce or convert some polluting gases for automobiles, 
new cars have catalytic convertors. 
Use of lead free petrol: 

The use of lead free petrol has greatly reduced the amount of lead in the air, 
Formation of engine which does not use diesel and petrol: 

Engineers are working to improve new kinds of car engines that use electricity or 
energy sources other than diesel and petrol. 

Use of public transport: Sharing rides and using public transportation are the ways to” 
reduce the number of automobiles in use. Due to this less fuel and energy is used and less 
‘ pollutants are released in the environment, 
Contributions of individual communities and indviduals to reduce pollution. 
=> Many individual communities have laws which protect their areas from pollution. 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 229 of 364) 


For more notes & academic material visit our Website or install our Mobile App 


Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 
PHYSICS (EM) NOTES FOR 9** CLASS (PUNJAB) 


SSC SSSSSSSSSSSSSSSSSSSSS SSSSS SES SSS SSSSSSSsSssessesssseseseseseee= 

=> Individuals can help to contro] air pollution simply by reducing the use of cars and 
other machines that burn fuel. 

Q12. Draw a simple energy flow diagram of a converter. 

Ans: In an cnergy converter, a part of the cnergy taken (used up) by the system is 
converted into useful work. 
Remaining part of the energy is dissipated as heat energy, sound energy (noise) into 

the environment. 

Energy flow diagram: Energy flow diagrams given below show the energy taken up by 


an cnergy converter to transform it into other forms of energy, 
ELECTRIC 1IAMP 


| J An energy saver lamp 
i ELECTRIC ENERGY 
(input) 


An Electric lamp An Electric lamp produces nengy saver Lamp produc 


LGAT ENERGY <<} HEAT ENERGY LIGHT ENERGY 
e (outpest) 1 (outper) - (output) 


VEHICLE RUNNING WITH CONSTANT SPEED ON A LEVEL ROAD 


Fuel i a car is 8 source of 
CHEMICAL ENERGY 


{anpoast) 


Ignition of fuel causes 
HEAT ENERGY 


ignizon of fuel causes 
SOUND ENERGY (NOISE 
{outpul) 


ignition of fuel in she piston 
produces 


{output 
POWER STATION 


OTENTIAL ENERGY 
OF STORED WATER 
(input) 


KINETIC ENERGY 
OF FLOWING WATER 


HEAT ENERGY WORK DONE SOUND ENERGY 
due to friction j ios te babind (NOISE) 
(oulput) sacstibslee (output) 


ELECTRIC FNERGY 
FROM ELECTRIC 
GENERATOR (cuilp 
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Q13.What is the importance of energy for a machine. How input, out put, 
efficiency and percentage efficiency of a machine can be defined? 

Ans: Energy is necessary for a machine to perform its 
functions properly. 

Energy of humans: Human machine also needs energy to 

do a variety of work. Human takes food to fulfil the energy 

needs of their body. 

Use of electric motor: Electric motor is used to pump 

water, to blow air to wash clothes, to drill holes etc. 

Input: The energy given to a system is called input. 

Output: The work which is done by the machine is called output. 

Efficiency: Efficiency of a system is the ratio of required form of energy obtained from a 

system as Output to the total energy given to it as input. 

Formula of efficiency: Efficiency can be obtained by following formula. 

required form of output 


6.28: An oloctric drill 


Effici = 
wr Total input energy 


Percentage efficiency: Percentage efficiency can be obtained by following formula. 


% Efficiency = required form of output 100 
total input energy 
Ideal system: 

Ideal system is that which gives an output equal to the total energy used by it. 

The efficiency of an ideal system is 100%. People have tried to design a working 
system that would by [00 % efficient. But practically such a system does not exist. 

Real system: A real system is that which gives an output less than to the total energy 
used by it. Every system meets energy losses due to friction that causes heat, noise etc. 

These are not the useful forms of energy and go waste. 

This means we cannot utilize all the energy given to a working system. In the real 
system the energy in the required form obtained from a working system is always less 
than the energy given to it as input. 

A cyclist does 12 joules of useful work while pedalling his bike 
from every 100 joules of food energy which he takes. What is his efficiency? 
Solution: Useful work done by the cyclist = 12 J 


Energy used by the cyclist = 100) 
a _ Ii 
iciency = Too) b 


0.12 a 
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or % efficiency = 0.12*x100 = 12% 
The efficiency of the cyclist is 12 %. 


ADDITIONAL INFORMATION 
Efficiencies of some typical devices/machines 
a A TS 


Device or Machine Usetul Work done | %Efficienes 


Solar Cell 


Q14. What is power? Give example write its formula and unit. 
Ans: Power: Power is defined as the rate of doing work. OR 

The quantity that tells us the rate of doing work is called power. 
Example: Two persons have done equal work, one took, one hour to complete it, and 
the other completed it in five hours. No doubt, both of them have done equal work but 
they differ in the rate at which work is done. First person has high power because it has 
done its job in a short time as compare to second. 
Formula: 
_ Work done 


time taken 


Power 


or teas 
lime 


Scalar quantity: 
Power is a scalar quantity, because it needs magnitude only for complete 
description 
Unit of power: 
S] unit of power is watt (W). 
Definition of watt: 
The power of a body is one watt if it does work, at the rate of | joule per second 
(iJs~!). 
Bigger units of power: 
Bigger units of power are kilowatt (k W), megawatt (M W) etc. 
IkW = 1000 W=109 Ww 
iMW = 1000000 W = 10° W 
| horse power = Ihp = 746 W 
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A man M; takes 80 s in lifting a load of 200 N through a height of 
10m. While another man M2 takes 10 s in doing the same job. Find the 


power of each. 
Solution: F 
Ss 


lime taken by man My 
Time taken by man M3 


As work done 


Power of man M, 


and Power of man M3 


\v 
200 N 
10m 
1) = 80s 
t) = 10s 
FxS 
200 Nx 10m 
Work 


2000 J 


tt 


Thus the power of M, is 25 watts and that of M2 is 200 wats, 
Calculate the power of a pump which can lift 70 kg of water 
through a vertical height of 16 metres in 10 seconds. Also find the power in 


horse power. 
Solution: 
Mass of water m = 
Height St 
‘Time taken t= 
Force required F = 
Work done We 
or W = 
W = 
Power = 
_ 


70 kg 
16m 
10s 
w = mg 
70kg x 10 ms? 
700 N 
FxS 
700 N x 16m 
11200 J 
W 
t 
11200J 
10s 


1120 watts 


=1120Js ' 
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As thp = 746 watts 
1120 watts 
P = "746 watts 
P = |.5hp 
Thus. power of the pump is 1.5 hp. 
SUMMARY 
@ Work is said to be done when a force acting on a body moves it in the direction of 
the force. 
e Work=FS 


e = §] unit of work is joule (J). 

@ When we say that a body has energy, we mean that it has the ability to do work. S$] 
unit of energy is also ioule, the same as work. 

@ Energy exists in various forms such as mechanical energy, heat energy, light energy, 
sound energy, electrical energy, chemical energy and nuclear energy etc. Energy 
from one form can be transformed into another. 

@ The energy possessed by a body due to its motion is called kinetic energy. 

@ The energy possessed by a body due to its position is called potential energy. 

@ Energy cannot be created nor destroyed, but it can be converted from one form to 
another, 

@ Processes in nature are the result of energy changes. Heat from the Sun causes 
water of oceans to evaporate to form clouds. As they cool down, they fall down as 
rain, 

@ Einstein predicted the interconversion of matter and energy by ‘he equation E =mc’. 

@ = Fossil fuels are known as non-renewable resources because it 100k millions of years 
for them to attain the present form. 

@ Sunlight and water power are the renewable resources of energy. They will not run 
out like coal, oi] and gas. 

@ Environmental problems such as polluting emission consisting of noise, air 
pollution and water pollution may arise by using different sources of energy such as 
fossil fuels, nuclear energy. 

@ The ratio of the useful work done by a device or machine to the total energy taken 

"up by its is called its efficiency. 

@ Power is defined as the rate of doing work. 

@ The power of a body is one watt which is doing work at the rate of one joule per 

/ second. 
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SOLVED QUESTIONS ogsesse 


6.1 Encircle the correct answer from the given choices: 

(i) The work done will be zero when the angle between the force and the distance 
is: 
(a) 45° (b) 60° (c) 90° {d) 180° 

(ii) If the direction of motion of the force is perpendicular to the direction of 
motion of the body, then work done will be: 


(a) Maximum (b) Minimum (c) Zero (d) None of above 
(iii) If the velocity of a body becomes double, then its kinetic energy will: 

(a) remain the same (b) become double 

{c) become four times (d) become half 


{iv) The work done in lifting a brick of mass 2 kg through a height of 5 m above 
ground will be: 


(a) 2.5J (b) 10J (c) 50) (d) 100J 
(vy) The kinetic energy of a body of mass 2 kg is 25J. its speed is: 
(a) 5 ms“! (b) 12.5 ms-! (c) 25 ms"! (d) 50 ms-! 


(vi) Which one of the following converts light energy into electrical energy? 
(a) electric bulb (bb) electric generator(c) Photo cell (d) Electric cell 
(vii) When a body is lifted through a height h, the work done on it appears in the 


form of its: 
(a) kinetic energy (b) potential energy 
(c) elastic potential energy (d) geothermal energy 


(viii) The energy stored in coal is: 

(a) heat energy (b) kineticenergy (c) chemical energy(d) nuclear energy 
(ix) The energy stored in a dam is: 

(a) electricenergy (b) potential energy (c) kinetic energy (d) thermal energy 
(x) In Einstein's mass-energy equation, c is the: 

(a) speed ofsound (b) speedoflight (c) speed of electron (d) speed of Earth 
(xi) Rate of doing work is called: 


(a) energy (b) torque (c) power (d) momentum 
Ans: (i) 90° (ii) Zero (iii) become four times(iv)] 00J 
(v) Sms! (vi) Photo cell —(vii)potential energy (viii) chemical energy 


(ix) potential energy(x) speed of light (xi) power 
6.2 Define work. What is its SI unit? 
Ans: Work: Work is said to be done when a force acting on a body displaces it in the 
direction of the force. 
© Work — Force « distance 
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SI unit of work: SI unit of work is joule (J) 
Definition of joule: The amount of work is one joule when a force of one newton 
displaces a body through one metre in the direction of force. 
6.3 When does a force do work? Explain. 
Ans: When a force acting on a body displaces it through some distance S in the direction 
of force as shown in the given figure, it does work on a body. 


Sometimes the force and displacement do not have the same direction such as 
shown in figure. 


Hts wie 


Figure: Work done by a force inclined with the displacement 
In this case, force F is making an angle (®) with the surface on which body is 
moved. Resolving F into its perpendicular components F, and Fy as; 
F. =Feos® 
F = Fsin@ 
In case when force and displacement are not parallel! then only the x-component Fx 
parallel to the surface causes the body to move on the surface and the y-component 
Fy. 
Hence W=F*S 
W = (Fcos6)S 
W =FS cos® 
6.4 Why do we need energy? 
Ans: Energy is used by us to perform many activities of life. 
Energy is necessary for running and walking for humans. 
6.5 Define energy, give two types of mechanical energy. 
Ans: Energy: A body possesses energy if it is capable to do work. 
Types of mechanical energy: Mechanica! energy has two following types. 
(i) Kinetic energy. (ii) Potential energy. 
(i) Kinetic energy: The energy possessed by a body due to its motion is called its 
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kinetic energy. 


1, 
Formula: K.E= aa 


Unit of kinetic energy is joule (J). 
(ii) Potential energy: ‘The ability of « body to do work duc to ils position is known as 
its potential energy. 
Formula: P.E = mgh. 
Unit of potential energy is joule (J). 
6.6 Define K.E and derive its relation. 
Ans: See Q # 3 
6.7 Define potential energy and derive |ts relation. 
Ans: See Q #4 
6.8 Why are fossil fuels called non-renewable form of energy? 
Ans: The fossil fuels take millions of years for their formation. So these are known as 
non-renewable resources. 
6.9 Which form of energy is most preferred and why? 
Ans: Solar energy is most preferred energy because Sunlight does not pollute the 
environment in any way. 
Solar energy reaching Earth is thousand times more than the energy consumption of 
mankind. 
6.10 How is energy converted from one form to another? Explain. 
Ans: See Q # 6, , 
6.11 Name any five devices that convert electrical energy into mechanical energy. 
Ans: Washing machine: 
= Juicer => Electric motor 
=> Electri¢ grinder => Electric spinner 
6.12 Name a device that converts mechanical energy into electrical energy. 
Ans: Generator is a device thal converts mechanical energy into electrical energy. 
6.13 What is meant by the efficiency of a system? 
Ans: Efficiency of a system is the ratio of required form of enregy obtained from a 
system as Output to the total energy given to it as input. 
6.14 How can you find the efficiency of a system? 
Ans: Efficiency of a system can be found out by following formula. 
required form of output 
total input energy 
required formof output _ 
total aput energy 


Efficiency = 
% ifficiency = 100 
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6.15 What is meant by the term power? 
Ans: Power is defined as the rate of doing work. 
work done 
Power whe. aps PRS 
time taken 
p- 
t 
The unit of power is watt. Bigger units of power are kilowatt (kW), megawatt 
(MW) cte. 
6.16 Define watt. 
Ans: The power of a body is one watt if it does work at the rate of 1 joule per second 
(IJs~). 
SOLVED PROBLEMS 
6.1 A man has pulled a cart through 35 m applying a force of 300 N. Find the 
work done by the man. 
Data:Distance= S = 35m 
Force = F = 300N 
Required: Work done = ? 
Formula: W=F *S 
Work = Force * distance 
Solution: By putting the values in the formula amount of work can be found out. 
W=FxS 
W =35 * 300 
Answer: The required work done by the man is 10500J. 
6.2 A block weighing 20 N is lifted 6 m vertically upward. Calculate the 
potential energy stored in it. 
Data: Force = Weight = w = 20 N 
Distance = S = 6m 
. Required: Potential energy = PE? 
Solution: In this potential energy is equal to the work done of the body. 
P.E = Work done = Force * distance 
=20*6 


[P.E = 120 


Answer: The potential energy of the body is 120J. 
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6.3 A car weighing 12 KN has speed of 20 ms-!. Find its kinetic energy. 
Data: Weight = w = |2KN 
Speed = v = 20ms'! 
Required: Kinetic energy = K.E=? 
a ia 
Formula: K.E = aaa 


Solution: Value of K.E can be found out by using above formula 


Weight = 12 KN 

As we know; 

w = mg 

w 

— iid 

x 

12k 

- 

m = 12kg 
La 

K.E = =mv 


KE = $(1.2)(207 


KE = 5(0.2)(400) 


] 
KE = 5 (400) 


Answer: The required K.E of the car is 240 kJ. 
6.4 A 500 g stone is thrown up with a velocity of 1Sms-!. Find its 
(@) PE. at its maximum height 
(ii) K.E. when it hits the ground 
Given: Mass of stone = m = 500g = 0.5kg 
initial velocity of stone = v, = 15 ms~! 
‘ Final velocity of stone = v, = 0 ms~' 
' Required: (i) P.E. at its maximum height = ? 
(ii) K.E. when it hits the ground = ? 
Solution: To find the value of h: 
y= 1S ms" 
v,= Oms" 
g--10ms? 
S=h=? 
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using 2gh = 2gh=v; ~ v; 
2(-10)h = 0? - 15? 
-20h = 0-225 


Potential Energy: 
P.E. = mgh 
P.E. = 0.5 = 10 * 11.25 


P.E =56.25J] 


Downward Motion of stone: 
v, =0,h= 11.25 m, v=? 
using 
2gh = vi -¥, 


2 


2x 10x1}.25= v; -9 


225= vj 
Vr=1Sms'! 
Kinetic Energy: 
K.E. = mv? 
= 5 0.5225 
K.E. = 56.25 J 


Thus, Potential energy of stone at its maximum height is 56.25 J. 

And, 

Kinetic energy, when it hits the ground is 56.25 J. 

6.5 On reaching the top of a slope 6 m high from its bottom, a cyclist has a 
speed of 1.5 ms-!, Find the kinetic energy and the poiential energy of the 
cyclist. The mass of the cyclist and his bicycle is 40 kg. 

Data:Height= h = 6m 
Speed = v = 1.5ms! 

Mass = m = 40kg 
Gravitational acceleration = g = |!0ms-2 
Required: Kinetic energy = K.E =? 
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Potential energy = P.E = ? 


Formula: 
(i) K.E = > my 
(ii) P.-E = mgh 
Solution: By using above formulas the value of K.E and P.E can be found: 
(ii) P.E = mgh 
_ 7 P.E = (40) (10)(6) 
, 1» P.E = 2400) 
ae eee gee 


= (20) (2.25) 


Answers:(i) The required kinetic energy (K.E) is equal to 45J. 
(il) The required potential energy (P.E) of the cyclist is 2400 J. 
6.6 A motor boat moves at a steady speed of 4 ms-!, Water resistance acting on 
it ls 4000 N. Calculate the power of its engine. 
Data: Speed = vy = 4ms"! 
Force = F = 4000N 
Required: P = Power= ? 
Formula: 


Power = “ — (1) 


As we know: 
W + F*S 
Bui S = Vxt 
W = FxVxt 
Putin | 
FxVxt 

L+ = 

t 
P= FxV 
By putting values, we get 

P = 4000 N * 4ms-! 

P = 16000 W 

P = 16x1000 W 


Answer: The required power of the engine is 16 kW. 
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6.7 A man pulls a block with a force of 300 N through 50 m in 60 s. Find the 
power used by him to pull the block. 
Data: Force = F = 300N 
Distance = S = 50m 
Time =t = 60s 
Required: Power= P = ? 
Formula: 


Power= work -' Work =FxS 


Solution: By putting the values in this formula, value of Power can be found out. 
FxS 
P= 


t 
_ (300N)(50m) 
(60s) 


Answer: The required power used by the man to pull the block is 250W. 
6.8 A 50 kg man moves 25 steps up in 20 seconds. Find 
his power, if each step is 16 cm high. 

Ans: Mass of man =m = SO0kg 

Time =t =20sec 

Height of each step =~d = 16cm 

= 16x10m 
Number of steps = 25 
Power’ =P =? 


P 


force = Weight 


» (I) 
time t 
But: 
Work = W =FxS (il) 
And: 
, S = 16*x10%=x25=4m 
Put in (11) 
W= mg*S 
= 50x 10*«4 
W = 2000 
Put in (1) 
_ 2000 
e 2 2 
oil 6. P=100W 


~ 
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Thus, Required power of a man is 100 watt. 
6.9 Calculate the power of a pump which can lift 200 kg of water through a 
height of 6 m in 10 seconds, 
Data:Mass = m= 200kg 
height = h = 6m 
Time = t = 10 seconds 
Required: Power = P= W =? 
Formula: 
ria ee -~ 
time t 
Solution: In this case work done is equal to the potential energy of body. 
W = PE = mgh 
= (200) (10) (6) 
W = PE = 12000) 
By putting the values, power can be calculated as, 


Power = 1200 watts 


Answer: The required power of a pump which can lift 200 kg of water through a 
height of 6m is 1200 watts. 
6.10 An electric motor of Ihp is used to run water pump. The water pump 
takes 10 minutes to fill an overhead tank. The tank has a capacity of 
800 litres and height of 15 m. Find the actual work done by the electric 
motor to fill the tank. Also find the efficiency of the system. 
(Density of water = 1000kg m-3) 
(Mass of I litre of water = Ikg) 
Solution: Data: 
Power of motor = [hp = 746 W 
Time =t = 10min 
= 10 « 60 sec 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 243 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9° CLASS (PUNJAB) 


= 600 sec. 
Tank capacity = m = 800 kg 
Height =h=[5Sm 
Work done = W =? 
Efficiency = ? 


Formula: 
_W 
~ 
W =Pxt 
= 746 x 600 J 
W = 447600 J 
This is energy given by motor to fill the tank. Now the work done to fill the 
tank is P.E. 
Hence, Used 
W = P.E. = mgh 
W = 800 10x 15 
W = 120,000 J 
Hence the work done is 120000] 
Now, 
Work done 
Enetgy 
Efficiency = [aves x10 x 
E = 268% 
Hence the efficiency is 26.8%, 


Efficiency = 


boos 
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OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 
PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 


(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 
RAWALPINDI, D.G, KHAN And BAHAWALPUR) 


6.1+6.2 Work+ Energy 
6.3 Kinetic Energy 
% = Tick the correct answer. 
1. The work done in lifting « brick of mass 2 kg through a height of 5m above the 


ground will be; (LURK. GI 
(A) 2.5] (B) 10) (C) 50J (D) 100) 
2. The work done will be zero when angle between the force and distance is: 
IGRW. GI) 
(A) 90° (B) 45° (C) 60° (Ld) 180° 
3. The work will be maximum when angle between force and displacement is: 
(RWP. Gil) 
(A) 45° (B) O° (C) 60° (D) 90° 
4. What is the unit of work’ (BWP. GI) 
(A) J (B) N (C) Ns (D) m 
5. One joule is equal to: (SWL. GD 
(A) ix (B) IN * Im (C) x {D) a 


6. The kinetic energy of a body of mass 2kg is 25J. Its speed will be: 
(LURK. GL SWE. GI, BWP. GL) 


(A) Sims-! (B) 12.5ms~! (C) 25ms~! (D) 50ms~! 
1. 100) 2. 90° 3: oF a J 


5. IN*« Im 6. Sms! 
%x = Give short answer to the following questions. 
1. What is the unit of work” Define it. (IR. GI, SWI. GL, GRW. GH, SGD. Gil) 
_ Ans, SI unit of work: Si unit of work is joule (J). 
Joule: The amount of work is one joule when a force of one newton displaces a 
body through one metre in the direction of force. 
Thus, IJ = IN * Im 
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2. How can you find the Efficiency of a System? (MLN. GI, SGD. GD 
Ans. Efficiency of a system can be found out by following formula. 
Efficiency r requi red form of output 


total input energy — 
% Efficiency = a eae * 100 
3. Define work. Also give its SI unit. (DGK. Gil, LIK. GUL, BD. GI, MLN, GI) 
Ans. Work: Work is said to be done when a force acting on a bedy displaces it in the 
direction of the force. 
Work = Force * distance 
SI unit of work: SI unit of work is joule (J) 
4. Aman has pulled a cart through 35m applying a force of 300N. Find the work 
done by the man. (RWP. Gi) 
Data: Distance ~S~= 35m 
Force =F = 300N 
Required; Work done= ? 
Formula: W =Fx*S 
Work = Force * distance 
Sol: By putting the values in the formula amount of work can be found out. 


W-=FKS 
W = 35 x 300 
[W =10800} 
Ans: The required work done by the man is 10500). 
5. Define energy and write names of its different ty pes. (MLN, G1, BWP. GID 


Ans. Energy: A body possesses energy if it is capable to do work. 
Types of energy: Energy exists in various types which are given below: 
1.  Mechanicalenergy 2. Heat energy 3. Light energy 

4. Sound energy S. FF lectricalenergy 6. Chemical energy 

7. Nuclear energy 
6. Define kinetic energy also write its equation. 

(LHR GI& GUSWL. GE& GH, SGD. Gi, PRD. GI, MLN. GI & GIL RWP. GI 

Ans. Kinetic Energy: The energy possessed by a body due to its motion is called its 

kinetic energy. 
Equation: KE - 5m 


si 
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7. Astone of mass 500 g strikes the ground with velocity of Sms. How much is 
kinetic energy of stone at the time it strikes the ground. (GRW. GI 
Sol. Mass of stone = m = 500g = 0.5kz 
Velocety =v = 15ms"! 
KE =? 
We know that 


KE 


z 


4 


i] 


Ie Nie NO] 


* 0.5 * (1S 


K.E = 5 * 0.5 x 225=56.25) 


8. Why geothermal wells are made’ (GRW. GI 
Ans. Geothermal well can te built by drilling deep near hot rocks at places, where 
magma is not very deep. 
9. The kinetic energy of a body of mass 2kg is 25 J. Find its speed. (GRW. GID 
Sol. Mass =m = 2kg 
KE. =K.E.=253 


Speed =V=? 
We know that 
KE = 3m 
Toy? 
25 - (2 
ve =25 
v =Sms! Ans. 
10. Acar weighing 12kN has speed of 20ms”’. Find its Kinetic energy. SGD. GI) 
Sol: Weight= w = I2kN 
Speed = v = 20 ms"! 


Required: Kinetic energy = K.E=? 
. Formula: KE - 3mv 
Solution: Value of K.E can be found out by using above formula 
Weight = 12 kN 
As we know; 
w =mg 


w 
gq “2 


. 
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2k 

7. °* 

m =1l2kg 
K.e = 3m 


K.E = 5 2)(400) 


K.E = 3(480) 


Answer: The required K.E of the car is 240 kJ. 
11. A body of mass 0.5kg strikes the ground with the velocity of 20ms-!. Find its 
Kinetic energy. : (RWP. GI) 
Sol. Mass =m 0.5kg 
Velocely =v =20ms"! 
K.E =? 
We know that 


KE = 3m 


fl 


1 
2 
1 
> (0.5207 


1 
= 3 *0.5 x 400 = 100) 
Thus, the K.B, of the stone is 100 J as it striks the ground. 


6.4+6.5 Potential Energy+Forms of Energy _ 


6.6 Interconversion of Energy 
% Tick the correct answer. 
i. Energy stored in a dam's water is: (GRW. Gl, SGD, Gi, PHD, GI, GRW. Gi, BGK. GI) 
{A) potential energy (B) kinetic energy 
(C) thermal energy (D) electrical energy 
2. The energy stored in coal is: (SGD. G1. RWP. GI. FBD. Cll. SWL. GH, BWP. CI) 
(A) Neuclear energy (B) Heat energy 
(C) Chemical energy (D) Electrical energy 
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3. The major source of heat energy is: (SGD. GI, RWP. G1) 
(A) The moon (B) Nuclear fuels (C) The earth (D) The sun 
1. potentialenergy 2. Chemicalenergy 3. The sun 
% Give short answer to the following questions. 
1. Define potential energy and write is formula. (GRW. GI, BVP, GIL RP, GI) 
Ans. Potential energy: The ability of a body to do work due to its position is Known as 
its potential energy. 
Formula: P.E = mgh 
2. A body of 50kg is raised to a height of 3m. Find its potential energy. (FB0. Gi) 


Sol. m =S50kg 
h =3m 
g =l0ms? 
We know that 
P.E. = mgh 
P.E. =50* 10 « 3= 15005 
3. Differentiate between sound energy and mechanical energy. (LAIR, GI) 


Ans. Sound Energy: Sound is a form of energy. 
Sound is produced when a body vibrates. 
Following instruments produce sound. 
(i) Vibrating diaphragm of a drum. 
(ii) Vibrating strings of a sitar. 
(iii) Vibrating air column of wind instruments such as flute pipe ete. 
(iv) When a door is knocked, a sound is produced. 
Mechanical Energy: The energy possessed by a body both due to its motion or 
position is called mechanical energy. 
Examples: Water running down a stream. wind, a moving car, a lifted hammer, a 
stretched bow, a catapult or a compressed spring etc, possess mechanical energy. 
4. Define Work and give its equation. _ (MLN. GH. SGD, GI. DGK. Gil) 
Ans. Work: Work is said tc be done when a force acting on a body displaces it in the 
direction of the force. 
Work = Force * Distance 


5. Write the name of major sources of energy. (BD. G1) 
Ans, Major sources of energy: There are basically two major sources of energy. 
I, Fossil Fuels y X Nuclear Fuels 
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6. How Chemical Energy is obtained? (SGD. Gil. SWL. GU, BWP. GID 
Ans. Chemical energy is present in food. fuels and in other substances. The energy is 

released from these substances during chemical reactions. 
7. How mechanical energy change into heat energy? (111K. GU, MLN, Gl) 
Ans. Energy cannot be destroyed however it can be converted from one form to another 
form. But total energy of the system al any time remains constant. 
By rubbing hands quickly, these will be warmed. Its mean in rubbing hands 
muscular energy is used and as a result heat is produced. 
In this process of rubbing hands, mechanical energy is converted into heat energy. 
8. Differentiate between mechanical and chemical energy. (SGD. Gy 
Ans. Mechanical energy: !he energy possessed by a body both due to its motion or 
position is called mechanical energy. 
Examples: Water running down a stream. wind, 4 moving Car, a lifted hammer, a 
stretched bow, a catapult or acompressed spring etc. possess mechanical energy. 
Chemical Energy: Chemical energy is present in food, fuels and in other 
substances. The energy is released from these substances during chemical reactions. 
9. What is Bio mass and how energy is produced from it?(Rwe. Gi, GRW. Gu, DGK, 
Gy 
Ans. Biomas: Biomass is plant or animal wastes that can be burnt as fuel. 
When animal dung, dead plants and dead animals decompose, they give off a 
mixture of methate and carbon dioxide which is used to generate electricity. 
10. Write down the names of kinds of Mechanical Energy. 
Ans. Mechanical energy has two following types. (RWP. G1 & GU. DGK. G1 & GIN 
1. Kinetic energy 
2. Potential energy 
11. Describe the difference between electrical energy and light energy. (DGK. GI) 
Ans. Electrical energy: 
¥ Electricity is one of the widely used form of energy. 
* Electrical energy cen pet form batteries and electric venerators. Most of the electric 
generators are run by hydro power, thermal or nuclear power. 
Light energy: 
xy Light is an important form of energy. 


4 


% Sun is the great source of light energy. 
vr Light energy can be obtained from candles, electric bulbs. fluorescent tubes and 
also by burning fuel. 
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12. What are environmental problems and why are they created? (DGK. Gil) 

Ans. Environmental problems such as pollution that consist of noise, air pollution and 
water pollution may arise dy using different sources of energy such as fossil fuels 
and nuclear energy. 

13. What is the use of solar cells? (PGK, GI) 

Ans. Uses of solar cells: 

= Solar cells can provide power to telephone booths, light houses and scientific 
research centres. 

= Solar cells are also used to power satellites. 


14. Detine sound energy. (LURK. GH 

Ans. Sound energy: Sound is a form of energy. Sound is produced when a body 
vibrates, 

15. Define electrical energy and sound energy. (GRW. Gil) 


Ans. Electrical energy: Electricity is one of the widly used form of energy. Electrical 
energy can be supplied through wires, easily to any desired place. ; 
Sound energy: Sound is a form of energy. Sound is produced when a body 
vibrates. 

16. How energy is produced by nuclear fuels? Explain. (FBD, Gl, DGK. Gl) 

Ans. The process taking place in nuclear reactors is known as nuclear fission. During 
fission reaction, the heavy nucleus of an atom splits up into smaller parts releasing a 
large amount of energy. Nuclear power plants give out a lot of nuclear radiations 
and vast amount of heat. 

17. Write the names of any two non renewable and renewable sources of energy. 


(SWL. Gi) 
Ans. Non-renewable source ofenergy: 1. Fossil fucls 2. Nuclear fuels 
Renewable sources of energy: 1. Solarenergy 2, Water power 

18. Which form of energy is most preferred and why? (SW. GI) 


Ans. Solar energy is most preferred energy because Sunlight does not pollute the 
environment in any way. 
19. What is meant by non-renewable source? Write an example. (DGK, Gil) 
Ans. Non-renewable source: Ihe fossile fuels took millions of years for their formation, 
so, they are known as non-renewable resources. 
For example: Oil. gas, coal. 
,20. Write the names of the parts of Solar Heating System. (SWL. GU, BWP. Gh 
‘Ans. A heating system consists of 


A 


% Acollectert? A storage device w A distribution system 
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21. Write two Renewable Energy Sources. Explain one of them shortly. (ewe. Gh 
Ans, I. Energy from water 
2. Energy from sun 
Energy from water: Energy from water power ts very cheap. Water power is 
becoming more popular, For water power dams are being constructed at suitable 
location in different parts of the world, 


6.7 Major Sources of Energy 


6.8+6.9 Efficiency +Power 


% Tick the correct answer. 
1. Which one of the following device converts light energy into electrical energy: 
(LR. GH, MLN, Gi, SGD. GI) 
(A) Llectric bulb (13) Electric generator (C) Phote cell (D) Electric cell 


2. In Einstein's mass-energy equation c is the: (LURK. G Ht, MLN. GI& GU) 
(A) Speed of sound (B) Speed of light 
3. The efficiency percentage of an electric lamp is: (RWP. GD 
(A) 5% (B) 10% (C) 15% (D) 20% 
(C) Speed of earth (D) Speed of electron 
4. Rate of doing work is called: (FBD. GL RWP. GI, SGD. GU, DGK. GI & GIh 
(A) Energy (B) Torque (C) Power (D) Momentum 
5. One Horse |’ower is equal to: (MLN. GD} 
(A) 740W (B) 746W (C) 750W (D) 756 
6. One megawatt is equal to: (DGK. GI) 
(A) 1Ow (By OW (C) 10°kW (D) 10°kW 
7. One Mega Watt is equal to; (BWP. GIh 
(A) 10?W (B) 10'wW (C) 10&W (D) tow 
1. Photo cell 2. Speed of light 3. S% 4. Power 
5. 746W 6 10"%KW 7. 10°W 


vx Give short answer to the following questions. 
1. Write down the equation of Einstein and value of c. 
(LHR. GH, FBD, GI& GIL SWL. GIL GRW. GL 3WP, GID 

Ans. The relation between mass (m) and energy (E) is given by Einstein mass energy 

equation: 

E = me? 

Here ¢ is the speed of light. 

its value is 3 = 10* ms ' 
2, How can every citizen be helpful in controlling air pollution? (GRW. GH 
Ans, Every citizen can be helpful in controlling air pollution by sharing rides and using 
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public transport, due to this less fuel and energy is used and less pollutants are - 
released in the environment. 

3. Write the uses of wind energy. (GRW, Cll, MLN. GIl, BWP. GH, DGK. GH) 
Ans. Uses of Wind energy: 
1. Wind energy has powered sailing ships across the oceans. 
2. Wind energy has been used by windmills to grind grain and pump water. 
3. More recently, wind power is used to turn wind turbines. 
4. Write two disadvantages of thermal pollution. (GRW. Gil) 
Ans. % Thermal pollution upsets the balance of life. 
vy Thermal pollution endangers the survival of many species. 
5. Define nuclear energy. (FBD. Gl, RWP, Gl & GU, SGD. GI) 
Ans. Nuclear energy: Nuclear energy is the energy released in the form of nuclear 
radiations in addition to heat and light during nuclear fission and fusion reactions. 


6. What is meant by solar cells? (FBD. GI) 

Ans. Solar Cells: Solar energy can also be converted directly into electricity by solar 
cells. 

7. By defining magma, describe geothermal energy. (FBD. Gl) 


Ans. There is hot molten part, deep in the Earth called magma. Water reaching close to 
the magma changes to steam due to the high temperature of magma. This energy is 
called geothermal energy. 

8. How can we produce electricity by using of animal dung? (FBD. Gi) 

Ans. When animal dung, dead plants and dead animals decompose, they give off a 
mixture of methane and carbon dioxide. Electricity can be generated by burning 
methane. 

9%. Define Mechanical Energy. (MLN. GIL, LHR. GH, FBD. Gil, SGD, GI) 

Ans. Mechanical Energy: The energy possessed by a body both due ‘to its motion or 
position is called mechanical cnergy. 

Examples: Water running down a stream, wind, a moving car, a lifted hammer, a 
stretched bow, a catapult or a compressed spring etc. possess mechanica! energy. 

10. Why fossil Fuels are known as nonrenewable sources? (MLN. GH, SGD. GI) 

Ans. The fossil fuels take millions of years for their formation. So these are known as 
non-renewable resources, 

il. Construct the energy converter flow diagram of an electric lamp. (GRW. G1, 2015) 


Ans. 4 Anincandesceet 
Luinp uses 
ELECTRIC ENERGY 
{onput) 

An Eker 
ce hes 

Light ENERGY 

o (output) 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 253 of 364) 


An Elecinc lamp produces 
HEAT ENERGY 
(output) 


‘ 


For more notes & academic material visit our Website or nstall our Mobile App 


Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 
PHYSICS (EM) NOTES FOR 9** CLASS (PUNJAB) 


12. Hew energy is converted from one form to another? Explain, 
(SWL, GH, RWP._ GH, DGK. GI, BWP. GD 


Ans, knergy cannot be destroyed however it can be converted from one form to another 
form. But total energy of the system at any time remains constant. 
By rubbing hands quickly, these will be warmed. Its mean in rubbing hands 
muscular energy is used and as a result heat is produced. 
In this process of rubbing hands, mechanical energy is converted into heat energy: 
13. Name the Four devices that convert electrical energy into mechanical energy. 


(SGD. Gil) 
Ans. => Juicer = Electric motor 
=> Electric grinder = Electric spinner 
14. Write two disadvantages of Fossil Fuels. (BW GI) 
Ans.=> Once the supply of fossil fuels is exhausted. the world would face serious energ / 
crisis. 


=> Fossil fuels would not be able to meet our future energy demands. 
= Exhausted supply of fossil fuels would cause serious social and economical 
problems for countries like us. 

15. What is meant by efficiency of a system? (FBD. GI. SWL.GI. BWP. Gil, BWP. GI) 
Ans, Efficiency of a system: Efficiency of a system is the ratio of required form of 
enregy oblained from a system as output to the total energy given to it as input. 

16. Name two devices that convert Electrical Energy into Mechanical Energy. 
(MLN, Gi) 
Ans. |. 9 Washing machine 2. Juicer 3. Electric motor 
4. —_ Electric grinder 5. Electric spinner 
17. A cyclist does 12 J of useful work while pedalling, his bike from energy 100 
joules of food energy which he takes, What is his efficiency? (DGK. GI) 
Sol, Uscful work done by the cyclist = 12 J 
Enerey used by the cyclist = 100) 


Efficiency = Ae 
=0.12 
or ™% efficiency =~ 0.12100 
=12% 
The efficiency of the cyclist is 12 %. 
18. Define Efficiency and also write its equation. (MLN. GI & TH, GRW. Gil) . 
Ans. Efficiency: Efficiency of a system is the ratio of required form of energy obtained . , 
from a system as output to the total energy given to it as input. 
Formula of efficiency: Efficiency can be obtained by following formula, 


Efficiency = Total input energy 
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19. Efficiency is a ratio between two quantities write their names. (DGK. Gil) 
Ans. Efficiency of a system is the ratio of required form of energy obtained from a 
system as output to the total energy given to it as input. 


20. Define power and write its formula. 
(LIK. GIL SWL. GI & GH, FBD. Gi & GIL RWP. GI & GI, SGD, Gl, DGK. GI, MLN. GI, GRW, GI & Gil) 


Ans. Power: Power is defined as the rate of doing work, 


_ workdone 
Formula: POW8r= Fo eken 
=W 
21. Define watt. (GRW. Gi, BWP. GI) 


Ans, Watt: The S] unit of power is walt. 
‘The power of a body is one watt if it does work at the rate of | joule per second 
(IJs '). 


22. Define watt and write how much watt is equal to one horsepower? 
(SWL. Gil, SGD, GH, FBD. G1) 


Ans. Watt: The power of a body is one watt if it. does work at the rate of | joule per 
second (1Js-!) 
| horse power = | hp = 746 watt 

23. Ifa body does 11200 Joule work in 10 seconds, find the power. (RWP. GI) 

Ans. work =w=11200) 

time =t= 10sec 

power =p=? 

we know that 


w _ 11200 
eek a 
P = 1120 wat 
24. A machine does 20 joule work in 4 seconds, Find its Power. (BWP. GI) 


Ans. Work = W=20) 
time =t=4sec 


Power -P-? 
we know that 
WwW 
5 ar 
P = 2 =5 watt 


MERE 
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PROPERTIES OF MATTER 


© STUDENTS LEARNING OUTCOMES 

After studying this unit, the students will be able to: 

state kinetic molecular model of matter (solid, liquid 

and gas forms). 

describe briefly the fourth state of matter i.e. Plasma. 

define the term density. 

compare the densities of a few solids, liquids and gases. 

define the term pressure (as a force acting normally on |7P 

unit area). t 

» explain how pressure varies with force and area in the 
context of everyday examples, 

» explain that the atmosphere exerts a pressure. 

»  decribe how the height of a liquid column may be used 
to measure the atmospheric pressure. 

» describe that atmospheric pressure decreases with the 
increase in height above the Earth's surface. 

» explain that changes in atmospheric pressure in a region may indicate a change in 
the weather, 

- state Pascal's law, 

» apply and demonstrate the use with examples of Pascal's law. 

» state relation for pressure beneath a liquid surface to depth and to density i.c.. 
(P= p gh) and solve problems using this equation. 

~ — state Archimedes principle. Conceptual Linkage: 


>» determine the density of an object using This unit is built on 
Matter and its States —Scionce-V 


¥ 


Oe WS 


Archimedes principle. 
State the upthrust exerted by a liquid on a body. 


Y 4 

- state principle of floatation. 

- explain that a force may produce a change in size and shape of a body. 
r 


_ a define the terms stress, strain and Young's modulus. 
* — State Ilooke’s law and explain elastic limit. 
INVESTIGATION SKILLS: 


7 measure the atmospheric pressure by Fortin's barometer. 
* measure the pressure of motor bike/car tyre and state the basic principle of the 
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instrument and its value in S! units. 
» Determine the density of irregular shaped objects. 
SCIENCE, TECHNOLOGY AND SOCIETY CONNECTION: 
7 explain that to fix a thumb pin, pressure |Major Concepts: 
exerted on the top increases thousands time on |7-1 ne nel 


7.2 


density of a car battery acid. 

explain that ships and submarines float on sea unig 

surface when the buoyant force acting on them is greater than their total weight. 

> state that Hydraulic Press, Hydraulic car lift and Hydraulic brakes operate on the 
principle that the fluid pressure is transmitted equally in all directions. 

> explain that the action of sucking through a straw, dropper, syringe and vacuum 
cleaner is due to atmospheric pressure, 

Introduction: Matter exists in three states, solid, liquid and gas, 

There are many properties associated with matter. For example, 

matter has weight and occupies space. There are some other 

properties which are associated with one state of matter but not 

with other, For example. solids have shape of their own while 

liquids and gases do not. Liquids on the other band have definite 

volume while gaes do not have. Various materials differ in their 

hardnes, density, solubility, flow, elasticity, conductivity and 

many other qualities. Kinetic molecular model helps in 

understanding the properties of matter in a simplified way. 


v 


Figure 7,1; Water exists 
in all the three states. 


Kinetic Molecular Model of Matter 


QI. What are the important features of kinetic molecular model? How three 
states of matter can be explained by kinetic molecular model. 

Ans. Kinetic molecular model is used to explain the 
three states of matter-solid, liquid and gas. Kinetic 


molecular model of the three states of matter can ec te 
be shown in the given figure. “© ss: 
Kinetic theory has some important features. | 6 2% 


_ » Matter is made up of particles called molecules. 
» The molecules remain in continuous motion. 
* Molecules attract each other. 
Explanation of three states of matter: 
The kinetic molecular model is used to explain the three states of matter. a* 
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(i) Solids (ii) Liquid (iii) Gas 

(i) Solids: Solids have following characteristics according 
to kinetic molecular model. 
(a) Fixed shape and volume: Solids have fixed shape and 
volume. 
(b) Strong forces of attraction: Molecules of solids are held 
close together by strong forces of attraction as shown in the 
given figure. 
{c) Vibratory motion: The molecules of solids vibrate about} “Figure 7.3: Molecules are 
their fixed mean position but do not move from place to place. | — dosely packed in solids 


<a + 
C8399 
s 


<2 
ee 
> 
eo % 


o 


Oo) 
eees 


+ 


{ii) Liquids: Liquids have following characteristics according 
‘o kinetic molecular model. 

(a) Fixed volume but not fixed shape: The volume of a 
certain amount of liquid remains the same but because of flow 
property it attains the shape of the container. 

{b) Weak attractive forces: 

The distances between the molecules of a liquid are more 
than in solids. Thus attractive forces between them are weaker] Figure 7.4: Molecules are 
as shown in the given figure. loosely packed in liquids 
(c) Vibratory motion: Like solids. the molecules of a liquid alsc vibrate about their 
mean positions but are not rigidly held with each other. 

(d) Property of flow: Due to the weaker attractive forces between the molecules of 
liquids, they can slide over each other. Thus the liquids have property to flow. 
Examples: Water, oil, honey and petrol are some examples of liquids. 

(ili) Gases: Gases have following characteristics according to 
the kinetic molecular mode]. 

(a) No fixed shape or volume: Gases have no fixed shape 
or volume. They can be filled in any container of any shape. 
(b) Weakest force of attraction: In gases. the molecules are 
much farther apart than solids or liquids as shown in the 
figure. 

(c) Gases are less denser: Gases are much less denser than 
solids and liquids. They can be squeezed into smaller volumes. 
(d) Random motion: Molecules of gases have random motion and move with very high 
velocities. 

(e) Pressure of gas€s: The molecules of gases are constantly striking the walls of a 
container as they move with very high velocities. Thus, a gas exerts pressure on the walls 
of the container. 


Figure 7.5: Molecules are much 
farther apart in ¢ 
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Q2. What is plasma? How it can be explained as a fourth state of matter on the 
basis of kinetic molecular model of matter? 
Ans. Plasma: At very high temperature, the matter assumes the state of ions and 
electrons. This state is called plasma. 
Formation of plasma: The kinetic energy of gas molecules goes on increasing if a gas is 
heated continuously. This causes the gas molecules to move faster and faster. The 
collisions between atoms and molecules of the gas become so strong that they tear off the 
atoms. Atoms lose their electrens and become positive ions. This ionic state of matter is 
called plasma. 
Plasma in discharge tube: Plasma is also formed in gas discharge tubes when electric 
current passes through these tubes, 
Fourth state of matter: Plasma is called the fourth state of matter 
in which a gas occurs in its ionic state. 
Separation of positive ions and electrons in plasma: 
Positive ions and clectrons get separated in the presence of 
electric or magnetic fields. 
Existence of plasma in Universe: 
Most of the matter that fills the universe is in plasma state. 
= In stars such as our Sun, gases exist in their ionic state. 
>? Plasma also exists in neon and fluorescent tubes. 
Importance of Plasma: Plasma is highly conducting state of matter. I1 allows electric 


current to pass through it. 
7.2 Bc 


03. What do you know about density? Write its formula and unit. Give one 
example to explain density. 
Ans. Density: The density of a substance is the ratio of its mass to that of its volume. 


OR 
‘Density ofa substance is defined as its mass per unit volume. 


Formula or mathematical form: 


mass of a substance 


Density = — ———— —— —_ 
volume of that substance 


. m 
Density = ———> 
Peay 


Density can be calculated if values of mass and volume DO YOU KNOW? 
are known. , I meter cube Tm? == 1000 litre 
Unit: Si unit of density is kilogramme per cubic metre (kgm™). 
Example: 


The mass of 5 litre of water is Skg. 
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eq (1). Thus; 
| lite = 109 m3 
5 litre = 5x10 mé 
Ske 


Density of water = 5x10°m" 
Density of water = 1000 kgm ? 
The density of water is 1000 kgm-?. 
Density equations: 
Mass 
Volume 
Mass = Density x Volume 


Mass 
Volume = Density 


Density can be understood by following case: 

If we take equal volumes of iron and wood, then we 
can easily declare that iron is heavier and denser than 
wood. 

The reason is that mass of iron is much greater than 
wood of the same volume, Generally for comparing the 
density of various substances. we compare the mass o 
equal volume of the materials. 


The mass of 200 cm’ of stone is 500 g. Find its density. 
Solution: m = 500g 
V = 200 cm? 
1. 
Density = qh od 
500 


200 cm’ 


Thus the density of stone is 2.5 g cm™ 


Pressure 


04. How will you define and explain pressure? Write its formula and unit. 
Ans. Pressure: 
The force acting normally per unit area on the surface of a body is called pressure. 
Formula or mathematical form: 
Mathematically, pressure can be written and calculated as, 
Force ’ 
Area 


Density = 


Platinum 


Density = =2.5 gem? 


Pressure = 
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A 
Scalar quantity: Pressure is a scalar quantity, because it only 
needs magnitude for its complete description. 
Unit of Presure: In SI units, the unit of pressure is Nm” also 
called pascal (Pa). 
Thus INm?=1 Pa 

Relation of pressure with area: Pressure and area are inversely 
proportional to each other. 

Smaller is the area, larger will be the pressure as shown in 
given figure. 

If the effective area of the force is reduced then the 
effectiveness of a small force is increased. 
Example: A drawing pin can be pushed into a wooden 
board by pressing it by our thumb. It is because the force 
that is applied on the drawing pin is confined just ata very 
small area under its sharp tip as shown in given figure. 

A drawing pin with a blunt tip would be very difficult 
to push into the board due to the large area of its tip. 


Figure 7.7: Smaller is the 
area, larger will be the 


Figure 7.8: A drawing pin with a 
sharp tip enters easily when 
pressed on a wooden board. 


Atmospheric pressure 


QOS. What is atmosphere? How atmospheric pressure can be explained? Write a 
simple experiment. 
Ans. Atmosphere and atmospheric presssure: 

The Earth is surrounded by a cover of air called atmosphere. It extends to a few 
hundred kilometers above sea level. Just as certain sea creatures live at the bottom of 
ocean, the humans live at the bottom of huge ocean of air. The pressure of atmosphere is 
called atmospheric pressure, 


Air DENSITY AND THE ATMOSPHERE 
Air is a mixture of gases. Earth's atmosphere extends 
Direction of atmospheric pressure: seme about : few es 
; — i 1 it " 
Atmospheric pressure acts in all directions. ‘. ty ln Neary soe of ie 


: Relation of height with atmospheric pressure: is between sea level and 10 km. 
The atmospheric pressure decreases continuously |Up to 30 km from sea level contains 

- : : about 99% of the mass of the 
as we go up. Thus knowing the atmospheric pressure of atmosphere. The air becomes thinner 


a place, its altitude can be determined. ond thinner as we go up 
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Example # 1. ; 
The formation of spherical shape, soap bubbles as 
shown in given figure is an example which represents that 
atmospheric 
pressure acts on it equally in all directions. 
A soap bubble expands till the pressure of air in itis | figure 
equal to the atmospheric pressure. inside 


af 
9: 


the bubble is 
heric p 


Aunosphene 
pressure 


Example # 2. 

A balloon expands as it is filled with air. Air exerts a 
pressure inside the balloon which expands till it is equal to 
the atmospheric pressure as shown in figure (7.10). 
Explanation by Experiment: Atmospheric pressure can 
casily be understood by a simple experiment. The steps of 
experiment are as following. 


/ 
1. Take an empty tin can with a lid. ge ntl se og 
2. Open its cap and put some water in it. atmospheric pressure 
3. Place it over flame. 
4. Wait till water begins to boil and the steam expels the air 
out of the can. 
$. Remove it from the flame. 
6. Close the can firmly by its cap. 
7. Place the can under tap water. The can will squeeze due to 


almospheric pressure. P 
Conclusion: The experiment shows that atmosphere exerts Figure 7.11: Creshing com 
pressure in all direction: periment 
Reason of collapsing the can: 

When the can is cooled by tap watcr, the steam in it condenses. 

As the steam changes into water, it leaves an empty space behind it. This lowers the 
pressure inside the can as compared to the atmospheric pressure outside the can. This 
will cause the can to collapse from all directions. 

Collapsing of plastic bottle: Atmosphere exerts pressure in all directions can be 
demonstrated by collapsing of an empty plastic bottle when air is sucked out of it. 

Q6. How atmospheric pressure can be measured? 

Ans. Barometers: The instruments that measure atmospheric pressure are called 
barometers. One of the simple barometers is a mercury barometer as shown in the figure. 
Construction of mercury barometer: Mercury barometer consists of a glass tube Im 
long closed at one end. 
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After filling the glass tube it with mercury, it is inverted in a 
mercury trough. 

Mercury in the tube descends and stops at a certain height. 
Column of mercury: The column of mercury held in the tube exerts 
pressure at its base. 

Height and pressure of mercury column: 

The height of mercury column above the mercury in the trough 
is found to be about 76cm at the sea level. 

Pressure exerted by 76cm of mercury column is nearly 101,300 

Nm equal to atmospheric pressure. 
Relation of atmospheric pressure with height of mercury column: 

It is common to express atmospheric pressure in terms of the 
height of mercury column, 

As the atmospheric pressure at a place does not remain contant, hence, the height of 
mercury column also varies with atmospheric pressure. 

Density of mercury: Mercury is |3.6 times more denser than water. 
Height of water barometer: Atmospheric pressure can hold vertical column of water 
about 13.6 times the height of mercury column ata place. 

Thus, at sea level, vertical height of water column would be 0.76m* 13.6 = 10.34 m. 
Thus, a glass tube more than 10m long is required to make a water barometer. 
Q7. How will you explain variation in atmospheric pressure? 
Ans. Height and atmospheric pressure: 

The atmospheric pressure decreases as we go up. 
Atmospheric pressure on mountains: 

The atmospheric pressure on mountains is lower than at sea level. 


> 
i 
5 
q 
: 


Atmospheric pressure at a 30km height: DO YOU KNOW? 

At a height of about 30km. the atmospheric Exhausty Oy piccirie 
pressure becomes only 7mm of mercury which is ca = Motor 
approximately 1000 Pa. er Fan 


Atmospheric pressure on altitude where no air is 

present: Atmospheric pressure become zero at an 

altitude where there is no air. 

Determination of altitude by atmospheric pressure: 
By atmospheric pressure of a place, its altitude 

can also be determined. 


Weather and atmospheric pressure: Dust & Air 


‘i . The fan in a vacuum cleaner lowers air 
Atmospheri¢ pressure may also indicate a change pressure in its bucket. The atmospheric air 


in the weather. rushes into it carrying dust and dirt with it 
Atmospheric pressure on a hot day: On a hot day, air] through its intake port. The dust and dirt 


above the Earth becomes hot and expands. This causes| particles are blocked by the filter while air 
a fall of atmospheric pressure in that region, escapes out. 
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Atmospheric pressure in a cold night: During cold chilly nights, air above the Earth 
cools down. This causes an increase in atmospheric pressure. 
indication of weather conditions by atmospheric pressure: 
Changes in atmospheric pressure at a certain place indicate 
the expected changes in the weather conditions of that place. 
Effects of minor and gradual fall in atmospheric pressure: 
A gradual and average drop in atmospheric pressure means a 
low pressure in a neighbouring locality. 2 i 
(a) Windy and showery condition: Minor but rapid fall in PA ie 
atmospheric pressure indicates a windy and showery condition in |when alr Is sucked 
the nearby region. through straw with Its 
(b) Breeze and rain: A decrease in atmospheric pressure is |®ther énd dipped in a 
, ‘ liquid, the air pressure in 
accompanied by breeze and rain. Oy, ieee docimese: Vile 
Effect of sudden fall in atmospheric pressure: A sudden fall in |causes the atmospheric 
atmospheric pressure often followed by a storm, rain and typhoon | pressure to push the liquid 
to occur in few hours time. up the straw. 
Effects of increasing atmospheric pressure: An increasing atmospheric pressure with a 
decline later on predicts an intense weather conditions. 
(a) Long spell of pleasant weather: A gradual large increase in the atmospheric 
pressure indicates a long spell of pleasant weather. 
(ob) Poor weather: A rapid increase in atmospheric pressure means that it will soon be 
followed by a decrease in the atmospheric pressure indicating poor weather ahead. 


Pressure tn Liquids 


Q8. How pressure in liquids can be defined and explained? Also derive the 
Jormula which is used to find out the pressure of liquid. 

Ans. Definition: The force acting on unit area is called pressure. 

Pressure of liquid: Liquid exerts pressure. The pressure of a liquid acts in all directions. 

Pressure S@nsor: Pressure sensor is a device which is used to measure pressure. 

Pressure varies with depth: With the help of a pressure sensor, it can be observed that 

the pressure of the liquid varies with depth. 

Explanation: Consider a surface of area (A) in a liquid at a depth c 

(h) as shown by shaded region in given figure. 

The length of the cylinder cf liquid over this surface will be h. k 

The force acting on this surface will be the weight w of the} | 

liquid above this surface. 

P is the density of the liquid. 

m is mass of liquid above the surface. 

As we know: 


woo tn Paul 
"Theulaceamh. 


re re 


Visit vwww.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 264 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9* CLASS (PUNJAB) 


mass = volume * density 
30, 

Mass of the liquid cylinder (m) = volume * density ——., © 

. volume = A *h 

”. density = P 

By putting these value in equation @ 

m*(A«h)* P 

Force acting on area A =F = w=mg 

Force acting on area a = F=mg ——, @ 

By putting the value of mass in equation @ 

F=(A*xh* P)g 

F=AhPg —+ ® 

Pressure can be found as: 

Force 


Area 


Pressure = 


P= “ — @ 
By putting the value of force from equation @) into 
eq @ we get; 
pe Aue 
P=hPg 
So liquid pressure at depth h= P=hPg= ——, © 
Equation (5) gives the pressure at the depth h due to a liquid of density P. 
It shows that inside a liquid, its pressure increases with acpth, 
Q9. How will you define and explain Pascal's law: 
Ans. Pascal's law: Pressure applied at any point of a liquid enclosed in a container, is 
transmitted without loss to all other parts of liquid. 
Explanation: An external force applied on the surface of a liquid 
increases the liquid pressure at the surface of the liquid. 
This increase in liquid pressure is transmitted equally in all 
directions and to the walls of container in which it is filled. 
Demonstration of Pascl's law by a simple experiment: 
Pascal's law can be demonstrated by a simple experiment. 
The apparatus of this demonstration is shown in the given 
figure. It is a simple glass vessel having holes all over its surface. 
(1) Fill this glass vessel with water. 
(2) Push the piston. By pushing the force applied on the piston| Demonstrating Pascal's 
exerts pressure on water, low 
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(3) The applied pressure is transmitted equally throughout the liquid in all directions. 

(4) By transmission of the applied pressure the water rushes ow of the holes in the 

vessc! with the same pressure. 

Importance of pascal's law: 

In general, Pascal's law hoids good for fluids both for liquids as well as gases. 

Q10. What are the applications of Pascal's law, Alo explain the working of 

hydraulic press. 

Ans. Applications of Pascal's law: 

Pascal's law finds numerous applications in our 
daily life, 

Automobiles, hydraulic brake system, hydraulic 
jack. hydraulic press and other hydraulic machines all 
follows the Pascal's law. Hydraulic excavator is shown 
in the given figure follows the pascal's law. a 
Hydraulic press: Hydraulic press is a machine which} #.. = *, 
works on Pascal's law, Figure 7.15: Hydraulic excavator 
Construction of hydraulic press: |tydraulic press consists of two cylinders of different 
cross-sectional areas as shown in the given figure. 

These both cylinders are fitted with pistons of 
cross-sectional areas a and A. 

Working of hydraulic press: 

In the hydraulic press the object which has to be 
compressed place over the piston of large cross-sectional 
urea A, the force I'; is applied on piston of small 
cross-sectional area (a.) Figure 7,17: A hydraulic press 

The pressure P, produced by small piston is transmitted equally to the large piston 
and a force F, acts on A, which is much larger than F). 

Pressure on piston of small area: Pressure on piston of small area (a) is given by: 
a" 0 
4 
Pressure on piston of large area: According to Pascal's law, the pressure on large 
piston of area A will be the same as on the small piston, 


P 


F, 
P ry +® 
By comparing eq CD and © we get. 
Fy _F, 
A a 
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F, A wa 


Since the ratio < is greater than |. 

Hence, the force (Fz) that acts on the larger piston is greater than the force F, acting 
on the smaller piston. 

Hydraulic systems working in this way are Known as force multipliers. 

In a hydraulic press, a force of 100 N is applied on the piston of a pump of 

cross- sectional area 0.01m?. Find the force that compresses a cotton bale 

placed on larger piston of cross-sectional area Im’. 


Solution: Here F, = 100N 
a = 0.0)m? 
A => 


Pressure P on smaller piston = 


Applying Pascal's law, we get; 
“. Force F, acting on the bale =PA 
= 10000 Nm? * Im? = 10000 N 
., The hydraulic press will compress the bale with a force of 10000 N. 


Q11. What is the principle of braking system in vehicles? Explain. 

Ans: The braking systems of cars, buses, ete. also work on Pascal's law. 

Hydraulic brakes: The hydraulic brakes system is shown in the given figure, allow equal 
pressure to be transmitted throughout the liquid. 


| Brake drum 
Pistans REAR WHEEL 


Brake shoe Sine 
2 : Restoring 
spring 


Figure 7.17: A hydraulic brake of a car 
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Working of braking system in vehicles: 
Working of braking system can be casily understood step wise. 
Step |: When brake pedal is pushed, it exerts a force on the master cylinder, which 
increases the liquid pressure in it. 
Step Il: The liquid pressure is transmitted equally through the liquid in the metal pipes to 
all the pistons of other cylinders, 
Step III: Due to the increase in liquid pressure, the pistons in the cylinders move outward 
pressing the brake pads with the brake drums. 
Step IV: The force of friction between the brake pads and the brake drums stop the wheels. 


Archimede's Principle 


Q12. What is Archimedes principle? Write an extensive and detail note. 

Ans. Archimedes Principle: When an object is totally or partially immersed in a liquid, 
an up-thrust acts on it equal to the weight of the liquid it displaces. 

Up-thrust force: 

There is an upward force which acts on an object kept inside a liquid. It apparently 
makes the object to lose weight. This upward force is called the up-thrust of the liquid, 
Importance of up-thrust force: 

(1) An air filled balloon immediately shoots up the surface when released under water. 

The same would happen ifa piece of wood is released under water. 

(2) [t is our common observation that a mug filled with water leels light under water 
but feels heavy as soon as it is taken out of water. 

In the above two cases a force which is responsible is called upthrust force. 


Upthrust force is introduced by the Greek scientist, Archimedes more than 
two thousands years ago. 


Mathematical explanation of Archimedes law: Consider a solid cylinder of 


depth of the bottom face cf cylinder = h, 

So difference in depth of top and bottom faces of cylinder. 
h,-h,=h 

Let P, is the pressure of liquid at depth h,. 

Let P, is the pressure of liquid at depth h,. 

P is the density of liquid. 


P, = Pgh, 
P= Pgh, Figure 7.18: Upthrust on I. 
: o immersed in 
Let the force F, is exerted at the cylinder top by the liquid Vanleescued 
duc to pressure P), the liquid displaced. 
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Let the force F, is exerted at the cylinder top by the liquid duc to pressure P;. 
So F,=P,;A —+ © 
By putting the value of P, in equation @ 
F,=Pgh,A 
Let the force F, is exerted at the bottom of cylinder by the liquid due to P,, 
F,=P,;A —> ® 
By putting the value of P, in equation @ 
F,=Pgh,A 
F, and F, are acting on the opposite faces of the cylinder. Therefore, the net force F 

will be F,—F;, in the direction of F,. 

Net force of the sytem: Net force F will be F, — F, in the direction of F,. This net force 

F on the cylinder is called the upthrust of the liquid. 
F,-F,= Pgh,A-fgh,A 
F, -F\= Pg A(h,-h,) 
’ Fy — F, = upthrust of liquid 
h,-—h,=h 


Upthrust of liquid = PgAh _>+ © 

As we know Ah=V ' 

By putting the value of Ah, eq @ becomes: 

Upthrust of liquid = P gV —_+ @ 

It is clear now that upthrust of liquid depends witb e 
on density, gravitational acceleration and volume. 

Equation @ shows that an upthrust acts on 
the body immersed in a liquid and is equal to the density of which is to be 


type 
weight of liquid displaced, which is Archimedes] of bydrometer is used to measure the 
principle. concentration of acid ina battery. It is called 


A wooden cube of sides 10cm each has been dipped completely in 
water. Calculate the upthurst of water acting on it. 


Hydrometer is a glass tube with a scale 


Solution; Length ofsideL = 10cm =0.1m 
Volume V =([? 
=(0.1mP =1* 103m 


Densit¥ of water P = 1000 kg m 3 
Upthurst of water = Pg V 
= 1000 kg m3 « 10ms?* | * 103m 
= 10N 
Thus, upthurst of water acting on the wooden cube in 10N. 
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Q/3. How density of an object can be found out by Archimedes principle? 
Explain. 

Ans: Archimedes principle is very helpful to determine the density of an object. 

Densities of bodies: The ratio ia the weights of a body with an equal volume of liquid is 

the same as in their densities. 

Mathematical form: 

Let: Density of the object = D 
Density of the liquid = P 
Weight of the object = w, 
Weight of equal volume of liquid = w = w; — w2 
W> is the weight of the solid in liquid. 
According to Archimedes principle, w2 is less than its 

actual weight w; by an amount w. 


pa ME Hy 
Ww 
‘Ay — We 
By putting the value of w in eq@® we get; 
ieee: 
Ww -W, 


Ww, 
Db = —l-xp—» 
w Wy P ®@ 


Thus, finding the weight of the solid in air w, and its weight in water w2. 
Density of the solid can be calculated by eq 4 2. 
The weight of a metal spoon in air is 0.48 N. Its weight in water is 
0.42 N. Find its density. 
Solution: Weight of the spoon w,~ 0.42 N 
Weight of spoon in water wz = 0.40 N 


Density of water P = 1000 kg m3 
Denity of spoon D=? 
By using the given equation, we get: 
Ww; 
= x P 
Ww -W, 
{). . ; 
. — «]000 ke m 
0.48N - 0.42N 
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= 8000 kg m™ 


Thus, the density of the material of spoon is 8000 kg m”®. 


Principle of Floatation 


Q14. What is the principle of floatation. Briefly explain it. 

Ans. Principle of floatation: 

A floating object displaces a fluid having weight equal to the weight of the object. 
Explanation: Principle of floatation can be explained by the process of sinking and 
floating of any object. 

Process of sinking of an object: 

An object sinks if its weight is greater than the upthrust acting on it. 

Process of floating of an object: An object floats if its weight is equal or less than the 

upthrust. When an object floats in a fluid, the upthrust acting on it is equal to the weight 

of the object. 

In case of floating object, the object may be partially immersed. 

The upthrust is always equal to the weight of the fluid displaced by the object. 

This is the principle of floatation. 

Importance of principle: 

Principle of floacation is applicable on liquids as well as gases. 

There are numerous applications of this principle in our daily life. 

An empty meteorological balloon weighs 80 N, It is filled with 10? 
cubic metres of hydrogen. How much maximum contents the balloon can 
lift besides its own weight? The density of hydrogen is 0.09 kg mr’ and the 
density of air is 1.3 kg nr’. 

Solution: Weight of the balloon=w =80N 
Volume of hydrogen = V = 10*m’ 

Density of hydrogen= p, =0.09 kg m®? 

Weight ofhydrogen w, =? 


Density of air p, =)3kgm> 
Weight of the contents w, =? 
Upthrust F = Weight of air displaced 

= Pave 

=1.3kgm3~ 10m’ = 10ms?=130N 
Weight ofhydrogenw, = p,Vg 

= 0.09 kg m3 « 10 m? x 10 ms? =9N 
Total weight lifted =w+w, + we 


To lift the contents, the total weight of the balloon should not exceed F. 
Thus w + w, + w2 =F 
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or80N+9N+w, =130N 
or W =130N-89N =41N 
Thus. the maximum weight of 41 N can be lifted by the balloon in addition to its 
own weight. 
Q15. How does a wooden block float on water? What is the principle of ships, 
boats and submarines? Write a brief explanation. 
Ans. According to the principle of floatation, a body floats if it displaces water equal to 
the weight of the body when it is partially or completely immersed in water. 
Floatation of wooden block: A wooden block floats on water. It is because the weight of 
an equal volume of water is greater than the weight of the block. 
Principle of ships and boats: Ships and boats are 
designed on the principle of floatation. They carry 
passengers and goods over water, 
Floating of ships and boats: Ships and boats floats on 
water. it is because the weight of an equal volume of water 
is greater than the weight of ships and boats. 
Sinking of ships and boats: Ships and boats would sink in 
water if its weight including the weight of its passengers Figure 7.20: A ship floating over 
and goods becomes greater than the upthrust of water. : water 
Principle of submarine: A submarine can travel over as 
well as under water, It also works on the principle o 
floatation. 
Floating of submarine: Submarine floats over water when 
the weight of the water equal to ts volume is greater than 
its weight. Under this condition, 1 is similiar to a ship and 


remains partially above water level. ' Cm Pe Seg: Ee 
System of tanks: Submarine has a system of tanks which] Figure 7.21: A submarine travels 


can be filled with and emptied from seawater. under water 
Sinking of submarine: When the tanks of submarine are filled with seawater, the weight 
of the submarine increases. 

As soon as its weight becomes greater than the upthrust, it dives into water and 
remains under water. 

!o come up on the surface, the tanks ure emptied from sea water. 


A barge, 40 metre long and 8 metre broad, whose sides are 
vertical, floats partially loaded in water. If 125000 N of cargo is added, how 


_ many metres will it sink? 
Solution: Arew of the barge A -40m* 8m 
= 320 m* 


Visit vwww.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 272 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9* CLASS (PUNJAB) 


SSStSS2S2SS2S2S22S2SS SSS SSS SS2SESSESESESSESESSESSSESESSESISSESSSSESSESI2ESE222 2222 

Additional load w to carry = 125000 N 

Increased upthrust F of water must be equal to the additional load. Hence 

F =PVze 

Since F = Ww 

PVg=w 

Or 1000 kg m3 x V * 10 ms? = 125000 N 

Or V =12.5m 

Depth (h) to which barge sinks = h= ~ 
12.5m’ 
nh * 320m? 
h ~0.04m =4cm 
Thus, the barge will sink 4cm on adding 125000 N cargo. 


Elasticity 


Q16.(aj) How elasticity can be defined. Give a brief explanation. 

(b) How stress and strain can be defined? Write their formulas and units. 
Ans. (a) Elasticity: The property of a body to restore its original size and shape as the 
deforming force ceases to act is called elasticity. 

Explanation by a simple case: The pointer of a spring balance is lowered when a body 
is suspended from it. It is because the length of the spring inside the balance increases 
depending upon the weight of he suspended body, 

Example # 1: 

A spring is stretched by 2 force as shown in figure (a). 
Example # 2; A rod is wisted by the torque produced by a 
couple as shown in figure (b) 

Example # 3: A strip is bent by a force as shown in figure. 
Deforming force: The applied force that changes shape, 
length or volume of a substance ts called deforming force. 
Elastic object: in most of the cases, the object returns to its 
original size and shape as soon as the deforming force is 
removed. These objects ate called elastic objects. 

{b) Stress: Stress is defined as the force acting on unit area at 


Figure 7.22: (a) A spring is 
stretched by a force (b) A rod 


the surface of a body. Stress is related to the force producing Rass bade A 
deformation. strip is bent by a force. 
Formula or mathematical form: Stress can be found out by following formula. 
én Force 
Stress = pee 
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Stress - 
Unit of stress: In SI, the unit of stress is newton per square metre (Nm~°). 
Strain: When stress acts on a body, it may change its length, volume, or shape. A 
comparison of such a change caused by the stress with the original length, volume or 
shape is called as strain. 
Formula or mathematical form: Strain can be found out by following formula: 
Change in shape 
Original shape 
Tensile strain: If stress produces a change in the length of an object then the strain is 
called tensile strain. 
Formula of tensile strain: Tensile strain can be found out by following formula; 
- _ Change inlength AL 
Tensile strain = “Orig inal Tength ‘a 
Unit of strain: Strain has no units as it is simply a ratio between two similar quantities, 


BAB Hooke's Law 


Q17. How Hooke's law can be defined and explained? For what purpose 
Hooke's law is used? Define elastic limit also. 
Ans. The strain produced in a body by the stress applied to it is directly proportional to 
the stress with in the elastic limit of the body is called Hooke's law. 
Formula or mathematical form: Mathematically Hooke's law can be writien as: 
stress © strain 
stress = constant * strain 
stress 


Strain = 


~ — Constant 
strain 


Example: Extension in the spring depends upon the load. 
This load and extension is directly proportional to each other. 
Application of Hooke's law: Hooke's law is applicable te all 
kinds of deformation and al] types of matter. i.e, solids, 
liquids or gases within certain limit. This limit tells the 
maximum stress that can be safely applied on a body without 
causing permanent deformation in its length, volume or 
shape. 

Elastic limit: Elastic limit can be defined as a limit within 
which a body recovers its original length, volume or shape 
after the deforming force is removed. 


Graph between force and extension: 


Graph between force and extension can be drawn as shown in the given figure. 
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Reason for the deformation of the body: 
Deformation in length, volume or shape of a body depends upon the stress acting on 
the body. Breuking pomt 
When this stress crosses the elastic limit, a body is t 
permanently deformed and is unable to restore its original state! = 
alter the stress is removed, 8 
Q18. How Young's Modulus can be explained? Write its 7. 
formula and unit. Also make a table which shows) ° 
the Young's Modulus of different objects. 


Elastic lumi 


Extension (x) > 


Figure 7.24: Graph botwoon 
Ans. Young's Modulus can be explained and understood as; force aad extension 


Consider a long bar of leagth L- and cross-sectional area A. Let an external force F 


equal to the weight w stretches il such that the stretched length becomes L. 
Hooke's law: A ccording to Hooke's Jaw, the ratio of stress to tensile strain is constant 
within the elastic limit of the body. 
Young's Modulus: The ratio of stress to tensile strain is called as Young's modulus. 
Formula or mathematical form: 

Young's modulus can be written in mathematics as; 

Stress 

Tensile strain 
Let AL be the change in the length of the rod, then 
A L=L-L. 


Young's modulus (Y) = 


F 


A 
change in length 
original length 


' ,  --L._AL 
Tensile strain = L. L. 


As we know; stress = 


Tensile strain = 


Y= Teasite strain 


By putting the values of stress and tensile strain in eq (1) 


F/ 
Y¥=-4 
AL/ 
1. 
y= 5 _ AL 
A L 
y-f a Le 
A AL 
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FL. 
~ AAL 
S! unit of Young's modulus: 
The SI unit of Young's modulus is newton per square metre Nm™. 
Young's modulus of some common materials: 


Young's modulus 


| 
| Young's modulus 


a Material ‘ 
«10° Nm? <10° Nm 


- pms | 91 | Copper] 110 
[Diamond | 1120 | Glass | os" 
[tron [190] Lead | 16 
[Wicker [200 Rubber [0.0007 
[Steet [| 200] Tungsten of? 400 | 


Wood Wood 
(parallel gain) (perpendicular gain) 


A steel wire of cross-sectional area 5  10-‘m? is stretched through 
Imm by a force of 10,000N. Find the Young's modulus of the wire. The 
length of the steel wire is Im. 


Material 


Solution: Force F =10,000N 
Length L, =48 
Extension AL = Imm = 0.00!1m 
Cross sectional Area A =§ * 105m? 
| — 
Since Y = AAL 
10000 N x Im 


” §x10°m’ «0.001m 
Y =2*10!'Nm2 


Thus, Young's modulus of steel is 2 * 10'' N mm, 


~ SUMMARY 


- — Kinetic molecular model explains the three states of matter assuming that: 
* matter is made up of particles called molecules. 
* the molecules remain in continuous motion. 
* molecules attract each other. 
»  Atvery high temperature, the collision between atoms and molecules tears off their 
electrons. Atoms become positive ions. This ionic state of matter is called 
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(ii) 
(iii) 


(iv) 


(¥) 


(vi) 


plasma-the fourth state of matter. 

Density is the ratio of mass to volume of a substance. Density of water is 1000 kg m-?. 
Pressure is the normal force acting per unit area. Its SI unit is Nm~ or pascal (Pa). 
Atmospheric pressure acts in all directions. 

The instruments that measure atmospheric pressure are called barometers. 

The atmospheric pressure decreases as we go up. Thus, knowing the atmospheric 
pressure of a place, we can determine its altitude. 

‘The changes in atmospheric pressure at a certain place indicate the expected 
changes in the weather conditions of that place. 

Liquids also exert pressure given by: P= P gh 

Liquids transmit pressure equally in all directions. It finds application in everyday 
life. This is called Pascal's law, 

When a body is immersed wholly or partially in a liquid, it loses its weight equal to 
the weight of the liquid displaced. This is known as Archimedes principle. 

For an object to float, its weight must be equal or less than the upthrust of the liquid 
acting on it. 

The property of matter by virtue of which matter resists any force which tries to 
change its length, shape or volume, is called elasticity. 

Stress is the deforming force acting per unit area. 

The ratio of change of length to the original length, is called tensile strain. 

Young's modulus is the ratio between siress and tensile strain. 


Encircle the correct answer from the given choices: 
In which of the following state molecules do not leave their position? 


(a) solid (b) liquid (c) gas (d) plasma 
Which of the substances is the lightest one? 

(a) copper (b) mercury (c) aluminum (d) lead 

$1 unit of pressure is pascal, which is equal to: 

(a) 104 Nm? (bo) I Nm? (c) 10? Nm? (d) 103 Nm? 


What should be the approximate length of a glass tube to construct a water 
barometer? 


(a) 0.5m (b) Im (c) 2.5m (d) lim a 
According to Archimedes, upthrust is equal to: 

(a) weight of displaced liquid (b) volume of displaced liquid 

(c) mass of displaced liquid (d) none of these 

The density of a substance can be found with the help of: 

(a) Pascal's law (b) Hooke's law 
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(c) Archimedes principle (d) Principle of floatation 
(vii) According to Hooke's law 

(a) stress strain = constant (b) stress / strain = constant 

(c) strain / stress = constant (d) stress = strain 


The following force-extension graphs of a spring are drawn on the same scale. 
aneer the questions oe below from (viii) D5 (x). 


aa, Ta Ke 


(viii) Which graph does not obey Hooke's law? 


(a) (b) (c) 
(ix) Which graph gives the smallest value of spring constant? 
(a) (b) (c) (d) 
(x) Which graph gives the largest value of spring constant? 
(a) (b) (c) (d) 
Ans: (i) solid (ii) aluminum (iii) 1 Nm? (iv) Il m 
(v¥) weight of displaced liquid wd Archimedes — 
ye) 4 os /strain=constant (viii) a 
(x) . ° 
7.2 How is kinetic molecular model of matter helpful in differentiating various 
States of matter? 
Ans. See Q. No. |. 


7.3 Does there exist a fourth state of matter? What is that? 

Ans. Yes, there exist a fourth state of matter that is called plasma. 
At very high temperature, the matter assumes the state of ions and electrons this is 
called plasma. 

7.4 What is meant by density? What is its SI unit? 

Ans. Density of a substance is defined as the mass per unit volume. 


; mass 
density = —~ — 


‘ The SI unit of density is kilogramme per cubic metre (kg m~). 
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Ans. 


7.6 


79 


Ans. 


Can we use a hydrometer to measure the density of milk? 

Hydrometer is a device which is used to measure the density of fluid. As the 
hydrometer is a glass tube with a scale marked on its stem and heavy weight in the 
bottom. It is partially immersed in the milk that is also a fluid, the density of which 
is to be measured, hence we can use hydrometer to measure the density of milk. 
Define the term pressure. 


. The force acting normally on unit area at the surface of a body is called pressure. 


force 
area 
mo 


A 
In SI, the unit of pressure is newton per square metre (Nm). 


Show that atmosphere exerts pressure. 


Pressure = 


. See Q. No. 5, 


It is easy to remove air from a balloon but it is very difficult to remove air from 
a glass bottle. Why? 


. It is very difficult to remove air from a glass bottle because air pressure in the bottle 


is less than atmospheric pressure. 


What is a barometer? 
The instrument that measures atmospheric pressure is called barometer. One of the 
simple barometer is mercury barometer. 


7.10 Why is water not suitable to be used in a barometer? 


Ans. 


7.11 What makes a sucker pressed on a smooth wall sticks to it? 
Ans. A wall sucker sticks to wall because of the difference in pressure 


As we know that mercury is 13.6 times more dense than water, Atmospheric 
pressure can hold vertical column of water about 13.6 times greater than the height 
of mercury column at that place. Thus, at sea level vertical height of water column 
would be 0.76m * 13.6 = 10.34m. Thus, we would need a glass ube more than 10m 
long or approximately 11m to make a water barometer that is too long, therefore 
water is not suitable to be used in barometer. 


between wall and rubber sucker which causes adhesion. This 
sucker sticks on the smooth wall or in other words the pressure 
on the outside becomes greater than the pressure on the inside. 


7.12 Why does the atmospheric pressure vary with height? 


Ans. 


As we know Earth's atmosphere extends upward about a few hundred kilometres 
with continuously decreasing density, and the pressure is directly proportional to 


the density, therefore as we going up, the atmospheric air becomes thinner and 
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thinner, so. density also reduces. Even at a height of about 30km, the atmospheric 
pressure becomes only 7mm of Hg, (mercury) which is approximately 1000 Pa. It 
would become zero at an altitude where there is no air. ; 

7.13 What does it mean when the atmospheric pressure at a place fall suddenly? 

Ans. A sudden fall in atmospheric pressure often followed by a storm, rain and typhoon 
to occur in few hours time. 

7.14 What changes are expected in weather if the barometer reading shows a 

sudden increase? 

Ans. If the barometer reading shows a sudden increase, or a rapid increase in 
atmospheric pressure, means that it will soon be followed by a decrease in the 
atmospheric pressure indicating poor weather ahead. 

7.15 State Pascal's law. 

Ans. Pressure applied at any point of a liquid enclosed in a container, is transmitted 
without loss to all other parts of liquid. 

7.16 Explain the working of hydraulic press. 

Ans. See Q. No. 10. 

7.17 What is meant by elasticity? 

Ans. Easticity is the property of matter by virtue of which matter resists any force which 
tries to change its length, shape or yolume. 

7.18 State Archimedes principle. 

Ans. When an object is wholly or partially immersed in a liquid, it loses its weight equal 
to the weight of the liquid displaced. This is known as Archimedes principle. 

7.19 What is upthrust? Explain the principle of floatation. 

Ans. Upthrust is an upward force which acts on an object kept inside a liquid. It 
apparently makes the object to lose weight. 

Principle of floatation: Sce Q. No. |4. 

7.20 Explain how a submarine floats the water surface and dives down into water. 

Ans. A submarine can travel over as well as under water. It works on the principle of 
floatation. It has a system of tanks which can be filled with and emptied from 
seawater. Submarine floats over water when the weight of the water equal to its 
volume is greater than its weight Under this condition, it is similar to a ship and 
remains partially above waiter level. 

= When the tanks of submarine are filled, the weight of the submarine increases. 

As soon as its weight becomes greater than the upthrust, it dives into water and 
remains under water. 

7.21 Why does a piece of stone sink in water but a ship with a huge weight floats? 

Ans. Ships and boats float on water, It is becausse the weight of an equal volume of 
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water is greater than the weight of ships and boats. 
A stone sinks in water. It is because the weight of an equal volume of water is 
smaller than the weight of stone. 

7.22 What is Hooke's |aw? What is meant by elastic limit? 

Ans. Hooke's law: The strain produced in a body by the stress applied to it is directly 
proportional to the stress within the elastic limit of the body is called Hooke's law. 

stress *% strain 
Elastic limit: Elastic limit can be defined as a limit within which a body recovers 
its original length, volume or shape after the deforming force is removed. 

7.23 Take a rubber band. Construct a balance of your own using a rubber band. 

Check its accuracy by weighing various objects. 

Ans. | took a rubber band. And constructed a balance of mine using a rubber band. Then 
i measured the weight of various objects to check its accuracy. First of all i took a 
lead pencil and measured its weight, then i put a small eraser on it and measured its 
weight. 

Both the objects have less weight than the elastic Jimit of rubber band. That's why 
they could be measured easily. 

| took a heavy stone and placed it in the balance. 

But this mass was so heavy as compared to the elastic limit of the rubber band. 
Rubber band was broken and weight of the stone could not be measured. 


_ SOLVED PROBLEMS 
7.1 A wooden block measuring 40cm*1l0cm*Scm has a mass 850 g. Find the 


density of wood? 
Data: Volume of block = V = 40cm * 10cm * Sem = 2000cem# 
V = 2000 em* = _ 0.002 m’ 
1000000 “ 
m = mass of body = 850g = 7000 
m = 0.85 kg 
Required: Density = P =? 
. mass m 
Formula: Density = ae 
* Solution: By putting values in given formula we get; 
0.85 
~ 0.002 


d= 425 kgm" 


Answer: The required density of the wooden block is 425 kg m-3, 
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7.2 What would be the volume of ice formed by freezing J litre of water? 
Data: Volume of water = Vy = | litre 
Required: Volume of ice = Vj =? 

Formula: As we know the basic relation: 
, mass 
Geisity = ———— 
volume 
Solution: As we know that: 
| litre of water yolume has mass of | kg and density is 1000 kgm of water. 
So by using relation; 


The density of ice is 0.92 times of the liquid water so, 
density of ice = 1000 * 0.92 = 920 kgm 
and 
volume of water = Vy =| litre 
m = density * Vy, = 1000 ~ | 
m= 1000 kg 
By putting the value of (m) in equation (1); 
m 1000 


2S = 


p 920 
volume of ice = 1,09 litre 


Answer: volume of ice = 1.09 litre. 
7.3 Calculate the volume of the following objects: 
i) An iron sphere of mass 5 kg, the density of iron is 8200 kgmr°. 
li) 200 g of lead shot having density 11300 kgmr°. 
iii) A gold bar of mass 0.2 kg. The density of gold is 19300 kgnr, 
Data. (i) 
mass = m = Ske 
Density of iron = d = 8200 kgm~> 
Required: volume =? 
_mass 
density 
Solution: By putting the values we can get the value of volume: 


Formula: volume = 


i m 
volume = — 
d 
volume - = 
8200 
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volume = 0.000609 


V = 609 104 
volume = 6.1%107 m’| 
(ii) Data: 


00 
mass = 200g = 1000 ~ 0.2kg 


density = d = 11300 kgm 3 
Required: volume =? 
mass 
Formula: volume = density 


Solution: By putting the values the volume can be found out. 


m 
vez 
0.2 kg 
V = 11300 kem™ 
V = 0.00001769 


V = 1.769 x 10-5 


V =1,77x10%m’ 
(iii) Data: 
Mass = m = 0.2 kg 
Density of gold = P = 19300 kgm? 
Required: volume = V =? 
Piss = % 
density 
Solution: By putting the value in the formula, volume can be found out: 


Vv m 
“Pp 


0.2 kg 
V= 19300kgm> 
V = 0.00001 0362 
[Vv = 1.04 x 10m’ 
Answers:(i) The required volume of an iron sphere of mass 5kg is 6.1104 m3, 
(ii) The required volume of a lead shot of mass 200g is 1.77*10~5 m3. 
(iii) ‘The required volume of a gold bar of mass 0.2 kg is 1.04* 10-5 m3, 
7.4 The density of air is 1.3 kgm. Find the mass of air in a room measuring 
8mx Sm * 4m. 
Data: Density of air= P = 1.3 kgm™ 
volume = 8m * Sm * 4m 


Formula: volume = 
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volume = 160 m? 

Required: Mass of air = m =? 

Formula: Mass = density * volume 

Solution: The mass of the air can be found out by putting the values in this formula 
m=1.3 * 160 

Answer: The required mass of air is 208 kg. ‘ 

7.5 A Student presses her palm by her thumb with a force of 75N. What would 
be the pressure under her thumb having contact area 1.5 cm?? 


Data: Force = F=75 N 
1.5 
Contact area = A = 1.5 ¢m'= (100)(100) ~ 


Required: Pressure = P =? 


1.5 
10000 ~ 0,000 1 Sm? 


F 
Formula: P= ey 


Solution: By using the value of force and area, pressure can be found by using formula. 
a 75N 
P= 0.0001 5m: 
P = 500,000 
P=5 x 100000 
Answer: The required pressure is 5x105 Nm~?. 
7.6 The head of a pin is a square of side 10 mm. Find the pressure on it due to 
a force of 20 N? 
Data: Force = F= 20N 
Length of side ofthe square = 10mm = 10 « 10m 
Area = (10 x 10°)m? 
A = 100* 10%m? 
Required: Pressure = P =? 


F 
Formula: P= ry 
Solution: By putting the values in above equation, pressure can be found out: 


20N 
P= T00x10%m? 
20 
P= 10° x10" 
_ 20 
~ 10% 
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P= 20x 104 
P=2~ 10x 10+ 
P=2~10°Nm* 

Answer: The required pressure of the head pin is 2x10°Nm ?. 

7.7 A uniform rectangular block of wood 20 cmx7.5 cmx7.5cm and of mass 
1000g stands on a horizontal surface with its longest edge vertical. Find (i) 
the pressure exerted by the block on the surface (ii) density of the wood? 

Data: Area of a rectangular wooden block = A = 7.5cm * 7.5cm 


= 56.25 
= 0.005625 m* 
mass of the block of wocd = m = 1000g = Ikg 
Height of the block = h = 0.075m 
Required: (a) Find the pressure exerted by the block on the surface = P =? 
(b) Find the density of the wood = P =? 
Formula: As we know thal: 
force F 


pressure = oa = A 
+ dence a 
= aay volume V 


Solution: 
(i) By using the above relation; 


F 
pressure (P) = ere (1) 


As here force F = w = mg. 

By substituting values; we get; 

F=w=1%*10 ‘’ 1000g = [kg 

Force = F = 10N 

and Area of wooden block = 0.005625 m? 

By putting the values of area and force in eq (1). 
10 

P* 0.005625 


[P= 1778 Nm °| 


(ii) By using the relation; 


: mass 
density = volume 

m 

V (il) 
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volume = area * height 
so. V =0,00525 « 0.2 
By putting values of mass and volume in equation (Il) 
, i kg 
density (P)= 35x10 
= 0,88889 = LO? 
= 888.89 x 103 = 103 


Answers: (a) Thus, Pressure exerted by the wooden block is 666.67 Pa 
(b) Thus, Density of the wooden block is 889 kgm-> 
7.8 Acubeof glass of Scm side and mass 306g, has a cavity inside it. If the density of 
glass is 2.55g cnr. Find the volume of the cavity? 
Data: The side of cube made by glass = h = 5 cm 
The mass of glass cube = m = 306g 
The density of glass is = P = 2.55 gem - 
Required: Volume of cavity = V= ? 
Formula: As we know the very basic relation; 


: mass sm 
denisty = volume V 
Solution: By using the basic formula; 
' mass 
density = 
volume 
For glass by putting values. 
ee 
~ volume 
density x yolume = mass 
2.55 x (5 x 5.* 5) = mass * volume = 5 x 5 * 5 


sO, mass = 2.55 = 125 


ass = 318 754 
Now the mass due to cavity is 306g 
So, mass of cavity = 318.75 — 306g 


mass of cavity = 12.75g 


Now, we have to find out volume of the cavity; 
mass _ 

density 

By putting values of mass and density, we get: 


volume = 
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12.75 
2.55 


[volume of cavity = Sem’ | 


Answer: Hence the volume of cavity is Sem? 

7.9 An object has weight 18N in air. Its weight is found to be 11.4N when 
immersed in water. Calculate its density. Can you guess the material of the 
object? 

Data: weight of an object in air = w, = 18N 
weight of the same object in water = wy = 11.4N 
density of water = P,, =1000kgm * 

Required: (a) density = P =? 

(b) material = ? 

Formula: As we know the relation 


volume = 


Weight of object in air }. 


density of the object = 
ne Weight of objectin air— weight of object in water 


w 
° tact = memati cisisdis x 
density of the object [— —w, } P. 
Solution: As we know that, the required relation is 


w 
density of the object = (2) xp. 
cy “ 
By putting values; 
18 
density of the object = (1811.4) x 1000 


density of the object = 2727 kgm”! 

Answers: (a) The density of the object = 2727 kgm™ 
(b) This shows the material would be Aluminium because the exact density of 

Aluminium is very close to this value that is 2700 kgm-. 

7.10 A solid block of wood of density 0.6g cnr} weighs 3.06N in air. Determine 
(a) volume of the block (b) the volume of the block immersed when placed 
freely in a liquid of density 0.9 gem? 

Data: A solid block of wood have density = P = 0.6 g/cm? 

The same solid block weighs in air = wy = 3.06N 
Required:(a) Determine volume of the block = ? 
(b) Determine the volume immersed when it is placed freely in a liquid of | 
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density 0.9g/cm? = ? 
Formulas: By using following relation; 
ma 
volume V 
(b) upthrust=F=w=PVg 
Solution: (a) First of all using the basic formula: 


(a) density = 


—_— m 
a iene 
By rearranging the equation; 

mass m 
volume = density = * 
By substituting the values; 
mass 

volume = 06 didistlondac (1) 
By using relation, 

weight 3.06 
mass = ~ = 


mass = 0.306 kg = 0.306 x 1000 = 306 gz. 
By putting the values of mass and volume in equation (1). 


volume = 510 cm’ 


(b) As we know the relation: 


Upthrust force F=W= PV g eens (I) 
as it is provided that = F = w = mg 

F = w=306 « 10 

F = 3060 N 


By putting values in eq li, we get; 
3060 = (0.9) V (10) 


Answer: (a) Volume of block in the air = 510.4cm° 
(b) Volume of block in the water = 340cm?’ 
7.41 The diameter of the piston of a hydraulic press is 30cm. How much force is 
required to lift a car weighing 20 000 N on its piston if the diameter of the 
~ piston of the pump is 3 cm? 
‘ta: The diameter of the piston of a hydraulic press ts = dp = 30cm 
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A car to be lifted of weight = w = F, = 20,000 N 
The diameter of piston = d; = 3em 


Required: How much force is required to lift the car = F, =? 
Formula: By using the application of Pascal's law as; 


“= 2 l 
"> (I) 


_ 20,000 or 
"oxy 


_ 20000 0.0009 
0.09 


F, = 200N 
Thus, the required force is 200 N. 


7.12 A steel wire of cross-sectional area 2x 10-5 m? is stretched through 2 mm by 


a force of 4000 N. Find the Young's modulus of the wire. The length of the 
wire is 2 m. 


Data: A steel wire of cross-sectional area = A = 2 « 105m? 
The change in length after stretching = AL = 2mm 
=2 103m. 
The force applied for stretching = F = 4000 N. 
The original length of the wire = L = 2m 
Required: Young's modulus of the wire = Y =? 
Solution: By using the equation 


stress 
Young's modulus = 


ain ee | (| 
we know that: 
a Force 
siress = pom 
F 
Stress = Aq 
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and similarly; 
change in length 


ae" original length 
a 
strain = ~- 


By putting the values of stress and strain in eq (1), we get; 


[A 
Young's modulus = AUL 


By rearranging the equation; 


By putting values in above equation. 
_ __ 4000 x2 
2 * 10°x2*10" 


2000 
Y = ——; = 2000«10° = 2x10’ x10* = 210" 
4x10" 


=2x 10'"'Nm~ 


Answer: Hence the required Young's modulus = Y = 2 = 10''Nm~ 


OBJECTIVE TYPE QUESTIONS (h re S+SHORT ANSWER) R) FROM 


PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 
(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 


RAWALPINDI, D.G. KHAN And BAHAWALPUR} 


7.1 + 7.2 Be Molecular Model of Matter + De Density 
7.3 + 7.4 Pressure + Atmospheric Pressure 


% Tick the correct answer. 
In which of the following state molecules do not leave their position? (LHR. Gli) 
(A) Liquid (B) Solid (C) Gas (D) Plasma 
2. Which of the substance is the lightest one: 
(SWL. Gl, RWP. GI, DGK. GL, LHR. GL SWL. Gil) 


(A) copper (B) mercury (C) aluminium (D) lead 
3. One Litre is equal to: (BWP. GU) 
(A) | kgem=3 (B) 1600 ¢m-3 (C) 10-m3 (D) 10-3m3 
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4. Si anit of pressure is Pascal, which is equal to: 
(LAIR. GI, FBD, GI & Gi, MLN. Gi & GII, SGD. GI & Gil, BWP. GI & GI, SWL. GI, DGK. Gil) 


(A) 10°Nm* (B) 1Nm* (C) 10°Nm* (D) 10’Nm? 
5. What should be the approximate length of a glass tube to construct a water 
barometer: (LHR. Gl, PBD, Gi, GRW. Gli, MLN. GIL, RWP. Gi) 
(A) 0.5m (B) Im (C) 2.5m (D) 11m 
1. Solid 2. aluminium 3. 103m3 4. INm? 
5. Ilm 


tt Give short answer to the following questions. 
1. Write some important features of kinetic molecular model of matter. 
(LHR. Gl, MLN. GH, RWP. Gil, DGK. Gl, & Gil, BWP. Gl, FBD. G11, GRW. GI, SWL, Gil, ) 
Ans. Kinetic theory has some important features. 
7 Matter is made up of particles called molecules, 


» The molecules remain in continuous motion, 
>» Molecules attract each other, 
2. How "Plasma" the fourth state of matter is formed? 


(GRW. GH, RWP. Gl, BWP. GI & GID) 
Ans, Plasma: At very high lemperature, the matter assumes the state of ions and 
electrons. This state is caled plasma. 
Formation of plasma: The kinetic energy of gas molecules goes on increasing if a 
gas is heated continuously. This causes the gas molecules to move faster and faster. 
The collisions between aloms and molecules of the gas become so strong that they 
tear off the atoms. Atoms lose their clectrons and become positive ions. This ionic 
state of matter is called plasma. 
3. Does there exist a fourth state of matter? If yes then what is that? (DGK. Gl) 
Ans. Yes, there exist a fourth state of matter that is called plasma. 
Al very high temperature, the matter assumes the state of ions and electrons this is 


called plasma, 
4. The mass of 200cm’ of stone is 500 g, find its density. (LHR. GD 
Sol. m = 500g 
Vv =200 cm? 


: Mass 
Density = VYoiume 


Density = sap =2.5 gem 
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Thus the density of stone is 2.5 g cm? 

5. Can we use a hydrometer to measure the density of milk? (GRW. GH 

Ans. Hydrometer is a device which is used to measure the density of fluid. As the 
hydrometer is a glass tube with a scale marked on its stem and heavy weight in the 
bottom. It is partially immersed in the milk that is also a fluid, the density of which 
is to be measured, hence we can use hydrometer to measure the density of milk. 

6. Write formula to find the density and its unit given in SI units. 

(FBD, CN, SWL, GH, DGK, G I, & CN, GRW. GI, RWP. Gi, & GI) 
Ans. Density: Density of a substance is defined as the mass per unit volume. 


Formula: density = aan 


m 


Unit: The SI unit of density is kilogramme per cubic metre (kg m-}). 

7. Why water is not suitable to be used in a barometer? (LHR. GN) 

Ans. As we know that mercury is 13.6 times more dense than water, Atmospheric 
pressure can hold vertical column of water about 13.6 times greater than the height 
of mercury column at that place. Thus, at sea level vertical height of water column 
would be 0.76m * 13.6 = 10.34m, Thus, we would need a glass tube more than 10m 
long of approximately 1]m to make a water barometer that is too long, therefore 
water is not suitable to be used in barometer, 

8. Define pressure. (GRW. Gt & GH, FBD. GI, SWL. G1, SCD. Cll, RWP. Cl. BWP. Gil, LIER. Gt) 

Ans. Pressure: The force acting normally on unit area at the surface of a body is called 
pressure. 


Formula: Pressure = force 
ee: 
a 


Unit: In SI, the unit of pressure is newton per square metre (Nm-*), 
9% Define the units of pressure. (FBD, Git) 
Ans. The unit of pressure is pascal (Pa). 
Pascal: Pressure is said to be one pascal if a force of one Newton is applied on an 
area of Im’. 
10. Why the air becomes thinner and thinner as we go up? (FBD. G) 
Ans. Earth's atmosphere exteads upward about a few hundred kilometres with 
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continuously decreasing density. Nearly half of its mass is be:ween sea level and 10 
km. Up to 30 km from sea level contains about 99% of the mass of the atmosphere. 
The air becomes thinner and thinner as we go up. 

11. What is barometer? (SWL. GI. DGK. Gi) 

Ans. Barometer; The instrument that measures atmospheric pressure is called 
barometer. One of the simple barometer is mercury barometer. 

12. What changes are expected in weather if the barometer reading shows a 
sudden increase? (SGD. GI) 

Ans. If the barometer reading shows a sudden increase, or a rapid increase in 
atmospheric pressure, means that it will soon be followed by a decrease in the 
atmospheric pressure indicating poor weather ahead. 

13. What is meant by Atmospheric Pressure? (BWP, Gil) 

Ans, Atmosphere presssure: The Earth is surrounded by a cover of air called 
atmosphere. It extends to a few hundred kilometers above sez level. The pressure of 


atmosphere is called atmospheric pressure. 


Pressure in Liquids 
Archimede's Principle 


7.7 Principle of Floatation 
78+ 7.9 Elasticity + Hooke's Law 
w= Tick the correct answer. 
1. __ works on Pascal's law: (GRW. Gi & Gil, SWL. GI) 


(A) screw gauge (B) vernier callipers (C) hydraulic press (D) wedge 


2. The upthrust of liquid is given by: (SGD. GI. RWP. GI) 
(A) Pp gv {(B) pgh (C) p ef (D) p ga 

3. Liquid pressure at depth "h" is equal to: (DGK. Gil) 
(A) pgh? (B) pgh? (C) pgh (D) pe/h 

4. If forced will be applied on smaller area, pressure will become: (DGK. GI) 
(A) Less (B) More (C) Zero (D) Much less 

5. oeress = constant is: (MLN. GI, FBD. GI) 
(A) Pascal's Law {B) Newton's Law 
(C) Archimedes Principle (D) Hooke's Law 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 293 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9° CLASS (PUNJAB) 


6. In SI system, the unit of Youngs modulus is: (RWP. GI) 
(A) Nm (B) Nm ! (C) Nm? (D) Nm-3 
I. hydraulic press Zz pey 3. pgh 4. More 


5. Hooke's Law 6. Nm? 
% Give short answer to the following questions. 
1, State the Pascal's Law. (LHR. GI, GRW. GI, MLN. Gil, SWL. Gl) 
Ans. Pascal's Law: 
Pressure applied al any pont of a liquid enclosed in a container, is transmitted 
without loss to all other parts of liquid. 
2. Write down any two examples of application of Pascal's Law. 
(LITR. GI. SWL. GL RWP. Gil) 
Ans, Pascal's law finds numerous application in our daily life. For example 
Automobiles, hydraulic brake system, hydraulic jack, hydraulic press etc. 
3. Define Archimedes principle. (FBD. G1, SWL. G II, SGD. G 1) 
Ans. Archimedes principle: When an object is wholly or partially immersed in a liquid, 
it loses its weight equal to the weight of the liquid displaced. This is known as 
Archimedes principle. 
4. Why does the piece of stone sink in water but a ship with a huge weight floats? 
(LHR. GID 
Ans. Ships and boats float on water. It is becausse the weight of an equal volume of 
water is greater than the weight of ships and boats. 
A stone sinks in water, It is because the weight of an equal volume of water is 
smaller than the weight of stone. 
5. Explain how a submarine moves up the water surface and down into water? 
(MLN. GII, BWP, GI) 
Ans. A submarine can travel over as well as under water. It works on the principle of 
floatation. It has a system of tanks which can be filled with and emptied from 
seawater. Submarine floats over water when the weight of the water equal to its 
volume is greater than its weight Under this condition, it is similar to a ship and 
remains partially above water level. 
When the tanks of submarine are filled, the weight of the submarine increases. 
As soon as its weight becomes greater than the upthrust, it dives into water and 
remains under water. 
6. What is the principle of Moatation? (RWP. Gil, MLN. Gl, BWP. GI) 
Ans. Principle of floatation: 
A floating object displaces a fluid having weight equal to the weight of the object. 
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7, Define Elasticity. (MLN. GI, SGD. GI, RWP. GI, BWP. GIL, SGD. Gil) 
Ans. Elasticity: 

Easticity is the property of matter by virtue of which matter resists any force which 
tries to change its length, shape or volume. 
8. Define Hooke's law and elastic limit. (GRW, Gil) 
Ans. Hooke's law: The strain produced in a body by the stress epplied to it is directly 
proportional to the stress within the elastic limit of the body is called Hooke's law. 
stress © strain 
Elastic limit: 
Elastic limit can be defined as a limit within which a body recovers its original 
’ length, volume or shape after the deforming force is removed. 
9. Define Young's Modulus. (MLN, Gl, FBD. GI) 
Ans. Young's Modulus: 
According to Hooke's law, the ratio of stress to tensile strain is constant within the 
elastic limit of the body. "The ratio of stress to tensile strain is called as young's 
modulus”. 
10. What is the difference between Stress and Strain? (SGp. Gi & GI, MLN, G1, BWP. GI) 
Ans. Stress: 
Stress is defined as the force acting on unit area at the surface of a body. Stress is 
related to the force producing deformation, 
Strain: 
When stress acts on a body, it may change its length, volume, or shape. A 
comparison of such a change caused by the stress with the criginal length, volume 
or shape is called as starin. 
11. Define Hooke's Law and write its equation. (MLN. GIL SGD. GD) 
Ans. Hooke's law: 
The strain produced in a body by the stress applied to it is directly proportional to 
the stress within the elastic limit of the body is called Hooke's law, 
stress © strain 


Stress 
Equation: Sirain =Cons tant 


MEIKE 
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THERMAL PROPERTIES OF MATTER 

© STUDENTS LEARNING OUTCOMES 
After studying this unit, the students will be able to: 

- define temperature (as quantity which determine the direction of flow of therinal 
energy). 

- define heat (as the energy tanslerred resulting from 
the temperature difference between two objects). 

~ _ list basic thermometric properties for a material to 
construct a thermometer, 

- convert the temperature from one scale to another 
(Fahrenheit, Celsius and Kelvin scales). 

» — describe rise in temperature of a body in terms of an 
increase in its internal energy. 


-  deline the terms heat capacity and specific heal capacity. 
~  deseribe heat of fusion and heat of vaporization Conceptual Linkage 
(as energy transfer without a change of |This chapter is built on: 
temperature for change of state). Temperature Scales —SchencetV 
- describe experiments to determine heat of fusion | Evaporization-Scence-¥ 
and heat of vaporization of ice and water | Thermal Expansion —Scienco—Vill 
respectively by sketching temperature-time graph | This chapter leods to: 


on heating ice. Thermodynamics —Physics—XI 

7 explain the process of evaporation and the difference beiwecn boiling and 
evaporation. 

» explain that evaporation causes cooling. 

7 _ list the factors which influence surface evaporation. 

~ describe qualitatively the thermal expansion of solids (linear and volumetric 
expansion). 


» explain thermal! expansion of liquids (real and apparent expansion). 

» solve numerical problems based on the mathematical relations learnt in this unit. 

INVESTIGATION SKILLS: 

- demonstrate that evaporation causes cooling. 

SCIENCE, TECHNOLOGY AND SOCIETY CONNECTION: 

» explain that the bimetallic strip used in thermostat is based on different rate of 
expansion of different metals on heating. 
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y describe one everyday effect due to relatively large Major Concepts: 


specific heat of walter. - “ eo maa 

7 _ list and explain some of the everyday applications and|g.3 specific hoat capacity 
consequences of thermal expansion, $4 Latent heat of fusion 

~ describe the use of cooling caused by evaporation in - re 
refrigeration process without using harmful CFC. 8.7 Thermal expansion 


Introduction: We use heat not only for cooking but also for 
doing other jobs. For example, changing heat to mechanical 
energy, electrical energy, etc. This can be done only if we 
have basic understanding about heat. Heat is an important 
concept in Physics. People have been trying to explain the 
nature of heat throughout the history of mankind. A 
quantitative study of thermal phenomena requires a careful 
definition of such important terms as heat, temperature and 
internal energy. In this unit, we shall discuss various 
concepts related to heat, temperature, measurements o Figure 8.1: Heat is needed for 
temperature and various thermal phenomena. cooking 


EAM Temperature And Heat 


Q.1. Define and explain following terms. 

(i) Temperature (li) Heat (iii) Thermal equilibrium 

(iv) Thermal contact (v) Internal energy 
Ans: (i) Temperature: 

Temperature of a body is the degree of hotness or coldness of the body, 
Explanation: A candle flame is hot and said to be at high temperature. Ice on the other 
hand is cold and is said to be at low temperature. Our sense of touch is a simple way to 
know about the hotness or coldness of body. But this is not a ceriain and reliable method. 

It is needed by us to use a reliable and practicable method to determine the relative 
hotness or coldness of bodies, for that purpose the thermometer is used by us. 

(ii) Heat: Heat is the energy that is transferred from one body to the other in thermal 
contact with each other as a result of the difference of temperature between them. 
Explanation: When a hot body and a cold body come close to each other, the temperature 
of hot body is decreased and temperature of cold body is increased. 

Che form of energy that is transferred from a hot body to a cold body is called heat. 

Heat is also culled as the energy in transit. 

(iii) Thermal equilibrium: When two bodies of different temperatures are brought 
close to each other, the heat is released by hot body and is absorbed by cold body. 
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So thermal! equilibrium is the condition in which two 
bodies attain same temperature. 

Explanation: When a cup of hol tea or water is placed in a room, 
it cools down gradually, 

It stops cooling as it reaches the room temperature. Thus, 
temperature determines the direction of flow of heat. Heat flows 
from a hot body to a cold body until thermal equilibrium is 
reached. 

(iv) Thermal contact: Thermal contact is defined as the 
contact area which is used in the transfer of heat. A direct 
contact of hot bodies with cold bodies has high thermal contact. 
Explanation: To store ice in summer, people wrap it with cloth | the crocus flower is a natural 
or keep it in wooden box or in thermos flask. In this way, they }thermometer. It opens when 
: 7 roe . the temperature is precisely 

avoid the thermal contact of ice with its hot surrounding |a3°¢ ond closes when the 

otherwise ice will soon melt away. ters perature drops. 

(v) internal energy: Once heat enters a body, it becomes its internal energy and no 

longer exists as heat energy. 

Definition: ‘The sum of kinetic energy and potentia! energy associated with the atoms, 

molecules and particles of a body is called its internal energy. 

Explanation: Internal energy of a body depends on many factors such as the mass of the 

body. kinetic and potential energies of molecules etc. 

e Kinetic energy: Kinetic energy of an atom or molecule is due to its motion which 

depends upon the temperature. 

e Potential energy: Potential energy of atoms or molecules is the stored energy due 


to intermolecular attractive force. 


| 8.2 | Thermometer 


Q.2.(a) What is thermometer? What are the properties of a thermometric liquid? 

(b) What is the construction of liquid-in-glass thermometer? 

Ans;(a) Thermometer: 

A device that is used to measure the temperature of a body is called thermometer. 
Thermometric material: Common thermometers are generally| | 
made using some suitable liquid as thermometric material. 
Properties of thermometric liquid: 

A thermometric liquid should have the following properties. 
1. It should be visible. 

2. It Should have uniform thermal expansion. 
‘ 3. It should have a low freezing point. 
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4. It should have a high boiling point. 
5. {ft should not wet glass. 
It should be a good conductor of heat 
lt should have a small specific heat capacity. 
Properties of substances which change with temperature: | shows body tomporature 
Some substances have property that changes with temperature. For example; 
Substances expand on heating. 
Substances change their colour on heating. 
Substances change their electric resistance on heating. 
The substances due to their thermal expansion, changes in the pressure of a gas, 
variation in the electrical resistance of a conductor, are used as thermometric 
material. 
Ans: (b) Liquid -In-Glass Thermometer: 
Construction of liquid-in-glass thermometer: A liquid-in-glass thermometer has a bulb 
with a long capillary tube of uniform and fine bore such as shown in given figure. 
Mercury thread Temperature scale 


ed 


udu 


Glass lube 
Figure 8.4: A mercury-in-glass thermometer 


Thermometric material: 


A suitable liquid is filled in the bulb as a thermometric material. 

Expansion of thermometric material on heating: When temperature of the 

thermometric liquid increases, it expands and rises in the glass tube. 

Function of a glass stem of thermometer: 
The glass stem of u thermometer is thick and acts as a cylindrical lens, 
This makes it easy to see the liquid level in the glass tube. 

Properties of liquid mercury: 

@ Mercury freezes at -39°C and boils at 357°C. 

@ Mercury has all thermometric properties, which are necessary for thermometric 
material. 

Uses of mercury in liquid-in-glass thermometer: 

® Due to the wide importance of mercury, it is one of the most suitable liquid for the 
liquid-in-glass thermometers. 

@ Mercury-in-glass thermometers are widely used in laboratories, clinics and houses | 
to measure temperatures in the range from -10°C to 150°C, 

Thermometer scale: 
A thermometer has a scale on its stem: 
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lhis scale has two fixed points. 


(1) Lower fixed point A clinical thermometer is used to measure 

(2) Upper fixed point the temperature of human body. It has a 
(1) Lower fixed point: narrow range fromm 35°C fo 42°C. it has a 

The lower fixed point is marked to show constriction thot prevents the mercury to 
the position of liquid in the thermometer when return. Thus, Its reading does not change 
it is placed in ice. until reset. 


(2) Upper fixed point: Upper fixed point is marked to show the position of liquid in the © 
thermometer when it is placed in steam at standard pressure above boiling water. 
0.3. What are the scales of temperature? What are the types of scales which are 
commonly used in daily life? 
Ans: Scale of temperature: A scale is marked on the thermometer. The temperature of 
the body in contact with the thermometer can be read on that seale. 
Types of scales: Three scales of temperature are commonly used in daily life. 
(1) Celsius scale or centigrade scale (2) Fahrenheit scale (3) Kelvin scale 
(1) Celsius scale or centigrade scale (°C): Celsius scale is also : 
called centigrade scale. 
The interval between lower and upper fixed points is divided 
into 100 equal parts as shown in given figure (a) 
Lower fixed point: The lower fixed pvint on the Celsius scale is 
marked as (°C. 
Upper fixed point: The upper fixed point on the Celsius scale is 
marked as 100°C. 
(2) Fahrenheit scale (°F): On Fahrenheit scale, the interval] © 
between lower and upper fixed pvints is divided into 180 equal 
parts as shown in given figure (b). 
Lower fixed point: The lower fixed point on the Fahrenheit scale 
is 32°F as shown in the figure (b) 
Upper fixed point: The upper fixed point on the Fahrenheit scale 
is 212°R as shown in figure (b) 
(3) Kelvin scale: On Kelvin scale. the interval between the lower] = 3 w h 
and upper fixed points is divided into 100 equal parts as shown in} Figure 8.5: Various 
figure (c). Thus, a change in 1°C is equal to a change of 1K. scales of temperature 
Lower fixed point: 
The lower fixed point on the Kelvin scale is 273K as shown in figure (c) 
Upper fixed point: The upper fixed point on the Kelvin scale is 373 K 
Absolute zero: 
\ The zero on the Kelvin scale is called the absolute zero and it is equal to -273°C. 


Fahrenheit Scale 
Kelvin Scale 
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Unit of temperature: in Si units, the unit of temperature is called Kelvin (K) and its 
scale is called Kelvin scale of temperature, 

0.4. How conversion of temperature from one scale to an other scale of 
temperature can be done? Write their formulas. 
ANS: One scale of temperature can be converted into another scale by using following 
formulas. 
Conversion of temperature from Celsius to Kelvin scale: 
The temperature T on Kelvin scale can be obtained by 
adding 273 in the temperature C on Celsius scale Thus, 
T(K)=273+C 
Conversion of temperature from Kelvin to Celsius scale: 
The temperature on Celsius scale can be found by 
subtracting 273 from the temperature in Kelvin Scale. Thus, 
C =T(K)-273 
Conversion of temperature irom Celsius to Fahrenheit scale: 
Since 100 divisions on Celsius scale are equal to 180 divisions on Fahrenheit scale. 
Therefore, each division on Celsius scale is equal! to 1.8 divisions on Fahrenheit 
scale. 
Moreover, 0°C corresponds to 32°F. 
F=18C +32 
In this equation 
F is the temperature on Fahrenheit scale. 
C is the temperature on Celsius scale. 
Conversion of temperature from Fahrenheit to Celsius scale: 
To convert the temperature from Fahrenheit to Celsius scale, the given equation is 
used. 


Ce F-32 


— 


1.8 


What will be the temperature on Kelvin scale of temperature when 

it is 20°C on Celsius scale? 
Solution: C = 20°C 

as T #=273+C 

T =273+20=293K 

ae Change 300K on Kelvin scale into Celsius scale of temperature. 
Solution: TIT =300K 

Since C = T(K)-273 

C =(300 - 273°C 


¢ 
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or C 27°C 
Convert S0°C on Celsius scale into Fahrenheit temperature scale, 
Solution: © = 50% 
Since | (1.8 = C +32) 
Fk = (1.8 50+ 32) 
or Fo o= 122°F 
Vhus. 50°C on Celsius scale is [22°F on Fahrenheit scale. 
Convert 100°F into the temperature on Celsius scat. 


Solution: =F ~ 100°F 
Since 1.8C = 1-32 
ts = }ON-32 
or 18C =68 
or Sy 681.8 
or C 37.8°C 


Thus 00°F ts equal to 37.8°C. 


——_->-= 


Mini Exercise: 
1. Which of the following substances have greater average kinetic energy of its molecules at 10°C? 
(2) steel (b} copper (c) . water {d)  —s mercury 
Ans: Ai 10°C water molecules have greater kinetic energy. 
2. Every thermometer makes use cf some property of a material that varies with temperature. Name the 
property used in: 
(a) _—_ strip thermometers (b) mercury thermometers 
Ans: (a) Colour of substance changes on heating. In the strip thermometer colour of sirip is changed on heating. 
(b) Mercury hos uniform thermal expansion, easily visible, has low freezing point, has high boiling point 
and less specific heat. 
Due to these properties mercury is used in mercury thermometer. 


EK Specific Heat Capacity 


V.5. What is specific heat capacity? Explain briefly. Write its formula and unit. 
Ans: Specific heat: Spevitic heat of a substance is the amount of heat required to raise 
the temperature of Ike mass of that substance through IK. 
Formula: (0 find out the specific heat. the following formula ean be used. 
WO 
v-> ie 
mAt 


In this equation: 
\Q = the amount of heat absorbed by the body. 
c constant of proporionality or specifie heat capacity 
m = mass of the object 
Al change in temperature. 
SI unit of specific heat: In St units, 
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@ Mass 'm' is measured in kilogramme (kg) 


ea AQ is measured in joule (J) 
6 lemperature increase AJ is taken in kelvin (K). 
Hence. 


Unut of specific heat in Si units is Ik (KK | 
Explanation: When a body is heated. its temperature increases. 
Amount of heat absorbed by a body depends on following factors. 
(i) Mass (ii) Change in temperature 
(i) Mass: 11 is observed that the quantity of heat AQ required to raise the temperature 
AT ofa body is directly proportional to the mass 'm' of the body. Thus 
AQam — (i) 
(ii) Change in temperature: Increase in the temperature of a body is found to be 
directly proportional to the umount of heat absorbed by it. 
AQ «x AT — (ii) 
By combining these both factors, we get: 
AQ x mAT 
By changing the sign of proportionality inte equality. 
AQ=semal 
¢ is the proportionality constant. 
Specific heat of some common substances 
Specific heat Jkg-/K?! 


Substance : 


-_ 
Substance | Specific heat Ike Kk! 


Aluminum | 903.0 
30160 | 

x4 11603 __| 
P3850 


235.0 


V.6. What is the importance of large specific heat capacity of water? Write in 
detail. 

: The areas which are near to sea shore have moderate temperature: : 

_ 5 Specific heat of water is 4200 Jky ‘K | and that of dry soil is about 810 Jkg 'K Se 


~—~J 
Co 
-«~ 
ae 
we 
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As a result the temperature of soil would increase five times more than the same mass of 
water by the same amount of heat. 

Thus, the temperature of land rises and falls more 
rapidly than that of the sea. Due to above reason the areas 
near the sea shore have moderate temperature. 

Temperature variations near the sea: 


variations from summer to winter are much smaller at places near the sea than land far 
away from the sea. 
Use of water in a cooling system of automobile: 

Water has a large specific heat capacity. 

The cooling system of automobiles uses water to carry 
away unwanted thermal energy. In an automobile, large 
amount of heat is produced by its engine due to which its} - 
temperature goes On increasing. The engine would cease 
unless it is not cooled down. 

Water circulating around the engine as shown by 
arrows in given figure maintains its temperature. 


Function of radiator in cooling system in automobile: 


Water circulates Cylinders 
to cool Cylinder 
Figure 8.6: A Cooling system in 
automobile 


Water absorbs unwanted thermal energy of the engine Water gives out 
a ‘ : 4 . j thermal! energy 
and dissipates heat through its radiator in cooling system in a TTT) 
automobile. a [Radia 
Use of water in central heating system: In central! heating 
system such as shown in the figure. hot water is used to I Water takes energy 
carry thermal energy through pipes from boiler to radiators. } thermal energy 
These radiators are fixed inside the house at suitable 


places. 
ATU) A container has 2.5 litres of water at 
20°C. How much heat is required to boil the water? 
Solution: Volume of water 2.5 litres 

Mass of water m =2.5kg 

(Since density of water is 1000 kgm or Ikg L-!) 
Specific heat of water ¢ =4200 Jkg™'K ' 
Initial temperature t = =20°C 


Final temperature tf, =100°C 
Increase in temperature AT 7 t,—1, 
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= 100°C — 20°C 
= 80°C or 80K 
Since Q =cmAT 
fi Q =4200 Jkg 'K™'*2.Skgx80k 
or Q =840000) 


Thus required amount of heat is 840 000 J or 840 kJ. 
Q.7. How heat capacity can be defined? Write its formula and unit also. 


Ans: Heat capacity: 
Heat capacity of a body is the quantity of thermal energy absorbed by it for one 
kelvin (1K) increase in its temperature. 


Formula: 
Heat capacity can be find out by given formula 
: AQ_ mcAT 
Heat capacity = AT AT 
Heat capacity =mec 


In this equation 
AQ ‘ 
AT is the heat capacity of the body. 
AT is the change in temperature 
AQ is the amount of heat which is absorbed by the body. 
Heat capacity = me: 
this equation shows that capacity of a body is equal to the product of its mass of 
the body and its specific heat capacity. 
Example: 
Heat capacity of Skg of water is 21000 JK! (Skg x 4200 Jkg 'K”'). This means 
that 21000 joules of heat is required for every 1K rise in the temperature of water. 


Relation of heat capacity with mass: 
Mass and heat capacity are directly proportional to each other. Larger is the quantity 
of a substance, higher will be its heat. 


| 8.4 | Change of State 


0.8 How matter can be changed from one state to another. Give a 
diagrammatic explanation, 

Ans: Matter can be changed from one state to another. For such a change to occur, 
thermal energy is added to or removed from a substance. 
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Thermal eaeres os taken in Phermal energy as taken in 


bos liny 


melting 


condensunen 


soll ‘ Hoes tity . inquire 


Vhegenttad ceecray os gic on Thentyal energy ts greet! wut 
Figure 8.8: Heat energy brings about change of state in matter 
0.9. Show that water changes its states. Explain it with an activity. 
Ans: Activity: Take « beaker and place it over a stand. Put small pieces of ice in the 
beaker and suspend a thermometer in the beaker to measure the temperature of ice, 

Now place a burner under the beaker, The ice will start melting. The temperature of 
ihe Minture containing ice and water will not inerease above OFC until all the ice melts 
and we gel water at OPC. If this water at O°C is further heated, its temperature will begin 
lo increase above (°C as shown by the graph in figure: 

Part AB: On this portion of the curve. the BR ol 
lemperature of ice increases from -39°C to OFC  . 
Part BC: When the temperature of ice reaches 0°C. 
the ice waler mixture remains at this temperature 
until all the ice melts. 

Part CD: The temperature of the substance gradually 20 : 

increases trom te @ to 1o0°c, the amount of energy Pipers 2:90 qiaghot teepernnevs wie 
so added is used up in increasing the temperature of | fime showing change of state of ice into 
ule, water and steam. 

Part DE: At 100°C water begins to boil and changes into steain. The temperature 
remains }00°C untill al] the water changes into steam. 


EE Latent Heat of Fusion 


V.10.What is latent heat of fusion? How it can be explained? Write formula 
also. , 

Ans: Latent heat of fusion: Heat energy required to change unit mass of a substance 

Irom solid to liquid state at its melting point without change in its temperature ts culled 

ity Jutent heat of fusion denoted by I). 

Explanation: For the explanation of latent heat of fusion following terms should be 

understood by us, 

Melting or fusion: When a substance is changed from its solid state to liquid state by 

adding heat, the process is called melting or fusion. 


za 
=2 
= 
> 
= - 
=e 
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Fusion point or melting point: lhe temperature at which a solid 
starts Melting is called its fusion point or melting point, 

Freezing point: When a liquid is cooled. it changes into solid 
state. The temperature at which a substance changes from liquid 
lo solid state is called its freezing point. 
Melting points of different substances: 

Different substances have different melting points. 

llowever, the lreezing pcint of a substance is the same as 
its melting point. 
Formula: H, = AQ,/m or 

AQ, = mill, 

In this equation 

‘H, ‘is the latent heat of fusion ‘m' is the mass of the substance. 
Latent heat of fusion of ice: 

Ice changes at 0°C into water, Latent heat of fusion of ice is 3.36 10° Jkg''. That 
is 3.3610’ joule heat is required to melt [kg of ice into water at 0°C. 
0.11, How latent of fusion can be found out? Show it by simple experiment. 

Also draw a temperature time graph in this case. 
Ans: Take u beaker and place 4 over a stand. Put small pieces o! 
ice in the breaker and suspend a thermometer in the beaker to 
measure the temperature. Place a burner under the beaker. The ice 
will start melting. ‘The temperature of the mixture containing ice 
and water will not increase above 0°C until all the ice melts. Note 
the time which the ice takes 10 melt completely into water at 0°C. 

Continue heating the water at O°C in the beaker, Its 
lwimperalure Will begin lo increase. Note the time which the water 
in the beaker takes to reach its boiling point at 100°C from 0°C. | Figure 8.10: Heating ico 

Draw @ temperature-time graph such as shown in 
figure 8.11. Calculate the latert heat of fusion of ice from 
the data as follows: 

Let mass of ice =m 

Finding the time from the graph: 

Time taken by ice to melt 

completely al 0°C = = t,t, =3.6 minutes 


‘Time taken by water to heat t, I, 
Tine (minutes) —_ 
trom OPC to 100°C = L, = Ll, = 4.6 minutes Figure 8.11: Time- tomperature 


ice ch into wat 
Specific heat ol water -c = 4200 Jky 'K ' ~~ ca “4 


Water bails 


‘Lemperature OC) 
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Increase in thetemperatureof water = AT =100°C=100 K 


Heat required 

by water from 0°C to 100°C = AQ =mcAT 
=m = 4200 Jkg'K™' x 100 kK 
=m * 420000 Jkg™ 
=m* 4.2«10° Jkg™ 


Heat AQ is supplied to water in time to to raise its temperature from 0°C to 100°C. 
Hence, the rate of absorbing heat by water in the beaker is given by; 


AQ 
Rate of absorbing heat = 3 
AQxt 
“* Heat absorbed in time tr = 4Q; = — 
{ 
~ AQx— 


t 


° 


mxHr = (from eq. 8.7) 


Since AQ, 
Putting the values, we get: 


t 
mx Hy = mx4.2x105 Jkg-1x7- 
” 


t 
or Hp = 4.2*105 Jkg-tx % 


The values of t; amd t, can be found from the graph. Put the values in the above 
equation to get: 
‘ 3.6min 
4.6min 
= 3.29105 Jkg-! 
The latent heat of fusion of ice found by the above experiment is 3.29x105 Jkg-! 
while its actual value is 3,36%*105 Jkg-!. 


EEX Latent Heat of Vaporization 


0.12. What is Latent heat of vaporization? Briefly describe. Make a table to 
Show melting point, boiling point, heat of fusion and heat of vaporization of 
Some common subsiances 

Ans: Latent heat of vaporization: The quantity of heat that changes unit mass of a liquid 

completely into gas at its boiling point with out any change in its temperature is called its 

latent heat of vaporization denoted by H,. 

Explanation: When heat is given to a liquid at its boiling point, its temperature remains 

constant. The heat energy given to a liquid at its boiling point is used up in changing its 


Hy = 4,2x105Jkg4 
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state from liquid to gas without any increase in temperature. 
Formula: H, = AQ, /m or 

AQ. = mH, 

In this equation 

‘H," is the latent heat of vaporization and 'm’ is the mass of the substance. 
Examiple: When water is heated, it boils at 100°C under standard pressure. Its 
temperature remains 100°C until it is changed completely into sicam. 
Latent heat of vaporization of water: 

Latent heat of vaporization of water is 2.26x 10° Jkg™'. 

It means one kilogram of water requires 2.26x10° joule heat to change it 
completely into gas (steam) at its boiling point. 

Tabular representation of melting point, boiling poiat, latent heat of fusion 
and latent heat of vaporization of some common substances. 


Melting point | Boiling point | Heat of fusion | Heat of vaporization 
j 
(°C) (°C) (kJke-') 


Substance 


Q.13. How latent heat of vaporization can be found out? Show it by simple 
experiment, Also draw temperature-time graph in this case. 

Ans: At the end of experiment 8.1, the beaker contains boiling water. Continue heating 

water till all the water changes into steam. Note the time which the water in the 

beaker takes to change completely into steam at its boiling point 100°C. 


- Water boils . 
| 100 . 
~ & | 
~ » Water , Water and steam 
ie 
= 
B *) Ice melts 
& *lAlce 
= wi, Waterand ice | 
2 » i s 


2 4 . ‘ we 2 “ * "“ » 2 Mu n x» n n » 
Time (mmules) -—— 


Figure 8.12: Temperature-time graph as ice changes into water and water into steam on heating. 
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I:xtend the temperature-time graph such as shown in figure. Calculate the latent 


heat of fusion of ice from the data as follows: 


Let mass Of ice =m 
lime to taken to heat water 
from O°C ty 100°C (melt) =, =t,—-1t, = 4.6 minutes 
lime taken by water at | 00°C to change it 
into si¢am =, =t,~t, =24.4 minutes 
Specilic heat of water =¢ =4200 Jkg'K' 
Increase in the temperature of water = AT = 100°C 
~ 100 K 

Heat required to heat 
water from 0°C to 100°C = AQ=mcAT 

=m * 4200 Jkg"K"' x 100K 

=m « 420 000-Jkg” 


=m* 4.210" Jkg 
As burner supplies heat AQ jo water in time to to raise its temperature from 0°C to 
100°C. Hence, the rate al which heat is absorbed by the beaker is giver by 


AQ 
Rate of absorbing heat ry 
AQxt, t, 
+ Heat absorbed in time '. = AQ, = —— 2 AQx— 
Since AQ, =m<H, 


Putting the values. we get 
4 { 
mxH, =m x 42x10 Jky ig 


y 


Or HM,  - 42x10%Jkg ‘ae 
Putting the values of t, and 1, from the graph, we get: 
Ht - 48x10 ee 
46min 
2.23x« 10° Sky ' 


lhe latent heat of vaporization of water found by the above experiment is 
2.23«10"Jky ' while its actual value is 2.26%] 0°Jkg '. 
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ERM = The Evaporation 


0.14.What is evaporation and how evaporation process can be explained? What 
is the importance of evaporation. 

Ans: Evaporation: Evaporation is the changing of a liquid 

into vapours (gaseous state) from the surface of a liquid 

without heating it. 

Explanation: Take some water in a dish, The water in the 

dish will disappear after some time, 

lt is because the molecules of water are in constant 
motion and possess kinctic energy. 

Fast moving molecules escape out from the surface 
ol water and goes into the atmosphere. This is called 
evaporation. Evaporation process is shown in given figure. 
Difference between boiling and evaporation: 

Ihe process of evaporation takes place at all 
temperatures but only from the surface of a liquid while 
the process of boiling takes place at a certain fixed 
temperature which is the boiling point of that liquid. 
Formation of vapours during boiling: 

At boiling point. a liquid is changing into vapours 
not only from the surface but also from the entire 
volume of the liquid. These vapours come out of the 
boiling liquid as bubbles which break down on 
reaching the surface. 

Importance of evaporation: 

@ Evaporation causes cooling in the atmosphere. 

@ Wet clothes dry up rapidly when spread only due 
lo evaporation, 

@ [Evaporation of perspiration helps to cool our 
bodies. 

® Cooling is produced jn refrigerators by 
evaporation of a gas into liquid. 


Figure 8.13: Evaporation is escaping 
out of fast moving water molecules 
from the surlace of liquid without 


Cooling is produced in 
evaporation of a liquid gas. This 
produces cooling effect. Freon, a a 
was used as a reftigerant poet oe 

use has been forbidden when if dha 


depletion in the upper —— 
which results in¢rease in amount of UV 
rays from the sun. The rays are harmfui 
fo all a Freon gas is now 


ine LE 
environment. 
V.15. How evaporation causes cooling? Explain. 
Ans: As evaporation takes place. fast moving molecules escape ovt from the surface of 
the liquid, 
Molecules that have lower kinetic energies are left behind. As a result the average 
kinetic energy of liquid molecules decreases. Since the temperature of a substance 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 311 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 


Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 
PHYSICS (EM) NOTES FOR 9** CLASS (PUNJAB) 


SSSSSsSSSSSSSSSSS SSS SSSSSSSSSSSESSSSESSSESSASSSSSSsSsesseeeeeseeece60exQ 
depends on the average kinetic energy of its molecules, therefore tic temperature of the 
liquid decreases. 

Q.16. By which factors, rate of evaporation is affected? Explain ail factors. 
Ans: The rate of evaporation is effected by following factors. 

(1) Temperature (2) Surfacearea (3) Wind (4) Nature of liquid 
(1) Temperature: 

Evaporation takes place at all temperature from the surface of a liquid. 
Higher temperature has higher evaporation: 

Evaporation is faster at high temperature than at low temperature. 
Reason: At higher temperature, more molecules of a liquid are moving with high 
velocities. Thus more molecules are escaping from its surface. 
Example: Wet clothes dry up more quickly in summer than in winter, 
(2) Surface area: Larger is the surface area of a liquid, greater number of molecules 
has the chance to escape from its surface. 
Example: Water evaporates faster when spread over large area. 
(3) Wind: Wind blowing over the surface of a liquid sweeps away the liquid molecules 
that have just escaped out. It thus stops these molecules from returning to the liquid. 
More wind more evaporation: Wind increases the rate of evaporation. This increases the 
chance for more liquid molecules to escape. 
(4) Nature of the liquid: Liquids differ in the rate at which they evaporate. 
Example: Put a few drops of ether or spirit on the palm, it evaporates rapidly while few 
drops of water on the palm does not evaporate rapidly. 

Mini Exercise 

1. How specific heat differs from heat capacity? 


energy absorbed by it for one kelvin (1K) increase in 
its tom 


perature. 
=> The Heat capacity can be found out by given relation. 
Heat capacity = me 
=> Unit of heat capacity is JK-!. 


=> Sl unit of specific heat is Jkg~! K-l, 
2. Give two uses of cooling effect by evaporation. 
Ans: Uses of cooling effect by evaporation: 
(i) Evaporation of perspiration helps to cool our bodies. 
(ii) Cooling is produced in refrigerators by evaporation of liquefied gas. This produces cooling effect. 
3. How evaporation differs from vaporization? 

Evaporation: Evaporation is the changieg of a liquid into vapours (gaseous state) from the surface of the liquid 
without heating it. 
Vaporization: Vaporization is the changing of a liquid into vapours (gaseous state) from the surface of the liquid 
with heating it. 
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Thermal Expansion 


Q.17. What is thermal expansion? How this process can be explained? 
Ans: Thermal expansion: Expansion due to heating is eiu 
called thermal expansion. 
Expansion of objects due to heat: Most of the substances 
solids, liquids and gases expand on heating and contract on 
cooling. 

The kinetic energy of the molecules of an object 
depends on its temperature. 

The molecules of a solid vibrate with larger amplitude 
at high temperature than at low temperature. 
Affect of heat on vibrations of molecules: On heating, the 
amplitude of vibration of the atoms or molecules of an 
object increases. 

They push one another, farther away as the amplitude | Figure 8.14: Molecules of an 


of vibration increases. yi ieee. Sa Ban — 
Result of thermal expansion: Thermal expansion results an (b) larger aniline ah high 


increase in length, breadth and thickness of a substance. temperature 
Q/8. Explain the linear thermal expansion in solids. 
Ans: Linear thermal expansion: 

The expansion in a solid upon heating is called linear thermal expansion. 
Expansion of solids: |t has been observed that solids expand on heating and their 
expansion is nearly uniform over a wide range of temperature. 

Explanation: Consider a metal rod of length L, at certain temperature T,. Let its length 


on heating the temperature T becomes L.. 
Thus, 


Original length of the rod = Ly 

Length of the rod after heating = L 

Increase in length of the rod= AL=L-—L, 
like this; 

Original temperature of the rod = T, 

Temperature of the rod after heating = T 

Increase in temperature = AT = T— Ty 
Factors on which linear expansion depends: 

Linear expansion Al. deperds on two factors. 
(i) Original length: it is found that change in length AL ofa solid is directly 
proportional to its original length L,. 


AL«L, —> (i) _ 
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(ii) Change in temperature AT: li is found that change in length of a solid is directly 
proportional to change in temperature AT . 

Al x AT -——~ (ii) 
13, combining eq (i) and (ii), we have, 
AL x Lb. AT ——= {iti) 
10 change the sign of proportionality in lo equality a constam is used 


So, = ; 
AL =al., Al —— (iv) 


Co-efficient of linear thermal expansion: In this equation @ is called the coefficient of 
linear thermal expansion of the substance. 

Value of co-efficient of linear expansion can be found out by using following 
relation, 
AL 
1 AT 
Definition of co-efficient of linear thermal expansion: 

Co-efficient of linear thermal expansion ~ of a substarce can be defined as 
fractional increase in its length per kelvin rise in temperature. 
Value of L: By using equation no (iv) we can determine the value of L as lollowing. 


AL=alL, AT 
As we know: 

AL «1. -L. 
So. 

L-Louk oF 


| =|. + a k. AT 
L=I.. (b+ @ AT) 


Values of co-efficient of linear thermal expansion: 
Values of co-efficient of linear thermal expansion (@) of some substances are 
ziven in the following table: 


Table 8.3: Coefficient of lincar thermal expansion (a) of some common solids, 
Substance GiK-') 


Aluminium | 24-105 | Platinum | 85510 


Brass 1910s 0.4*10 5 
Copper 1.7105 


Glass (pyrex) 0.4*10 5 


. GK’) Substance 


Glass (ordinary | 09-10" 
Silver 1.93105 | Concrete | 1.2010 
God ido 


x 
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A brass rod is 1m long at 0°C. Find its length at 30°C. (Coefficient 
of linear expansion of brass = 1.9*10-5 K-!) 


Solution: L, =~ im 
t= 30°C 
= oe 


T, = 0 *273 = 273K 
| = 30+ 273-303 K 


AT * T 
303 K- 273K 

= 30K 
@ = |.9x]0O3K! 


since = L=Ly(l+@ AT) 
L = ime(1+19*105K 1 *30K) 
L = 1.00057 m 
Ilence, the length of the brass bar at 30°C will be 1.00057 m. 


Q19. Explain the volumetric thermal expansion. 
Ans: Volume thermal expansion: Ihe volume of a solid changes with the change in 
temperature and is called volume thermal expansion or cubical thermal expansion. 
Explanation: Consider a solid of initial volume Vo at certain temperature To. On heating, 
the solid of a temperature T, let its volume becomes V, then, 

Original volume of the solid — V,, 

Volume of the solid afler heating = V 

Increase in volume ofthe solid = AV = VV, 
Like this: Original temperature of the solid = T, 

Temperature of the solid after heating = T 
Increase in temperature of the solid = AT = T-T, 

Factors on which volume expansion depends: 

Volume expansion depends on two factors. 
(i) Original volume: 11 is found that change in volume of a solid is directly 
proportional to its original volume V,,. 

AV xV, — (i) 
(ii) Change in temperature: tt is found that change in volume of the solid is directly 
proportional to change in temperature AT. 
AV x AT —-> (ii) 
By Combining eq (i) and (ii), we have: 
AVxV_ AT —— (iii) 
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So, 
AV=B V, AT ——» (iv) 
Co-efficient of volume thermal expansion: in this equation f is called the co-efficient 
of volume thermal expansion of the substance. 


Value of co-efficient of volume thermal expansion can be found out by using 
following relation. 


Definition of co-efficient of volume thermal expansion: 

Ihe co-efficient of volume thermal expansion { can be defined as the fractional 
change in its volume per kelvin change in temperature. 
Value of V: By using equation (iv) we can determine the value of V as following. 


AV =PV, AT 
As we know; 
AV=V V, 


So. 

V-V, = BV, ST 

V=V, + BV, AT 

V=V, (1+ BAT). 
Relation of linear expansion and volume expansion: 

The co-efficients of linear expansion and volume expansion are rclated by the 
equation. 

fp =3a 

Value of co-efficient of volume thermal expansion {6 for different substances are 

given in the following table: 


‘Table 8.4: Coefficient of volume thermal expansion various substances. 


Substance | B (Ko!) | Substance B (K-!) 


Tess | 60x03 | Mercury restos 
[Platinum | 2705103 | Carbondionde [3.720107 
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Find the volume of a brass cube at 100°C whose side is 10cm at 
0°C. (coefficient of linear thermal expansion of brass=1.9x10*°K '). 


Solution: L. (Oem =0.1m 
k =@ec (0 + 273) K 
=273K 
T = 100°C =(100 + 273)K 
=373K 
AT =T-To 
AT =373K-273K =100K 
a = 1.9«10 °K | 
As i) =3u 
‘Therefore {5 =3*19x10°K' 
= §.7x10°K ' 
Initial volume V, = = L’, =(0,l.my 
=().001 m* 107% m* 
Since Vv -V, (L+BAT) 
Henee V =10%m' * (b+ 5.7x10°K™ * 100K) 
or V =10°m' * (+ 5.7x10") 


= 10*m* * (1 + 0.0057) 
1.0087 * 10 ‘m’° 

Hence. the volume of brass cube at 100°C will be 1.0057* 10 3m3. 
0.20.What are the consequences of thermal expansion? 
Ans: the expansion of solids may damage the 
bridges. railway tracks and roads as they are 
constantly subjected lo temperature changes. So 
provision is made during construction for expansion 
and contraction with temperature. 
Expansion of railway track: Railway tracks buckled 
on a hot summer day duc to expansion if gaps are not 
left between section, 


Expansion of bridges: Bridues made of stce! girders 
also expand during the day and contract during night. 


s They will bend if their ends are fixed. 


To allow thermal expansion, one end is fixed 


Figure 8.16: Bridges with rollers below 
. ; one of their ends allow movements due 
the gap left for expansion. to expansion and contraction 


while the other end of the girder rests on rollers in 
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Overhead transmission lines: 

Overhead transmission lines are piven a certain 
amount of sap thal they can contract in winter without 
snapping 
Q.21.What are the applications of thermal expansion? 
Ans: |hermal expansion is used in our daily lile. 


poles are given some sag fo 
1. For the measurement of temperature: prevent breaking in winter. 


In thermometers, thermal expansion is used in temperature Measurements. 

Opening the metallic cap of bottle: 

Ju open the cup of a bottle that is tight enough. immerse it in hat water for a minute 
or su. Metal cap expands und becomes fouse. It would new be easy fo turn it to open. 


3. Joining of steel plates: 
to join stec! plates tight! tovether. red hot 


A. <- 
be Aaringanye— Med ens 
a) eo U 


ib) = ‘“ : E 


Figure 8.18: (a) Hot rivets inserted. (b) 
atier hammering, rivets are cold down. 


rivets forced through holes in the plates as shown in 
(are, 

Phe end of the hot rivet is then hammered, On 
cooling. the rivets contract and brings the. plates 
tightly vripped. 

4. Fixing of iron rims: 

Iron rims are Hixed on wooden wheels of carts, 

lron rims are heated. Thermal expansion allows them to slip over the wooden 
wheel. Water is poured on ite coul, The rim contracts and becomes tight over the wheel. 
(0.22. How bimetal strips are constructed? How it works? Also write their uses. 
Ans: Construction of bimetal strips: 


\ bimetal strip can be constructed by using | Bimetal strip: cold 


Iwo metals 

In & bimetal strip. two thin strips of different 
metals such as brass und iron are jomed together 
us shown in piven figure (a). 


Working of bimetal strip: ee 
On healing the strip. brass expands 
more than iron, This unequal expansion 


(b) 


causes bending of the strip as showo um the 


Base expands mast 
Figure 8.19 (b) Bending of brass-iron bimetal strip 
on heating due to the difference in their thermal 
expansion, 


viven figure (b), 
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Uses of bimetal strips: . . naval “wis 
Bimetal strips are used for various purposes, — pr 


@ §«Bimetal strips are used in thermomet..s to measure 
temperatures especially in furnaces and ovens. 

e §6Bimetal strips are also used in thermostats. Bimetal 
thermostat switch is usec to control the temperature o 
heater coil in an electric iron as shown in given lgure. 

V.23. What is thermal expansion of a liquid. Explain this 


! 
process briefly. —_ Contacts 
- . ~ no 
Ans: Thermal expansion of liquid: Figure 8.20: Bimetal 
ee a! Thanet a a ee wom, |pthermostat breaks the 
Expansion at a liquid upen beating is called the thermal isttricel circuit of preset 
expansion of liquid. temperature. 


Process of liquid expansion: Do You Know? 

The molecules of liquids are free to move in Water on cooling below 4°C begins to 
expand until it reoches 0°C. on further cooling 
its volume increases suddenly as it changes into 


all directions within the liquid. On heating a liquid. 
the average amplitude ol vibration of its molecules ike at 0°C. When ice is cooled below 8°C, It 
increases. The molecules push each other and need | oaacs ie. its volume decreases like solids. 
More space to occupy. This accounts for the |This unusual expansion of water is called the 
expansion of the liquid when heated. anomalous expansion of water. 
Greater thermal expansion in liquid: Vhe thermal expansion in liquid is greater than 
solids due to the weak forces o¢tween their molecules. Therefore. the co-efficient of 
volume expansion of liquids ts greater than solids. 
Shape of liquid: Liquids have no definite shape of their own. 
A liquid always attains shape of the container in which it is poured. 
Types of thermal expansion for liquids: 
When a ligatid is heated. both liguid and the container undergo a change in their 
volume, So there are two types of thermal volume expansion for liquid. 
® Apparent volume expansion 
® Real volume expansion, 
Q.24. How thermal expansion of a liquid can be determined? Explain with the 
help of experiment, 
Ans: ‘luke a long-neeked Mask. Fill it with some coloured tiquid upto mark A on its neck 
us shown in figure. Now slart heating the Nask from bottom ‘The liquid level first 
falls to B and then rises to C. 
the heat first reaches the flask which expands and its volume increases. As a result 
liquid descends in the Mask and its leve! falls to B. After sometime the liquid begins to 
rise above B on getting hot. Al certain temperature it reaches at C. ‘The rise in level from 
A w C is due to the apparent expansion in the volume of the liquid. Actual expansion of 
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the liquid is greater than thal due to the expansion because of the expansion of glass 
Mask. Thus real expansion of the liquid is equal to the volume difference between A and 
C in addition to the volume expansion of the Mask. Hence 
Real expansion of the liquid = =Apparent expansion of the liquid + Expansion of the flask. 

or BC AL t AD siisiccciocsiwne 

fhe expansion of the volume of a liquid taking into 
consideration the expansion of the container also, is called the real 
volume expansion of the liquid. The real rate of volume expansion 
"B." ota liquid is defined as the actual change in the unit volume 
of a liquid for LK (or I°C) rise in its temperature. The real rate of 
volume expansivn |}, is always greater than the apparent rate of 
volume expansion B, by an amount equal to the rate of volume 
expansion of the container B, Thus, 


- ‘ 
B, = B., ¥ {3, SVNeemn OOK EHRs | Figure 8.21: Real and 
lt should be noted that different liguids have different | apparent expansion of 
coetticients of volume expansion. liquid. 


lhe temperature of a body is the degree of hotness or coldness of the body, 
@ = Thermometers are made jo measure the temperature of a body or places. 
The lower fixed point is the mark that gives the position of mercury in the 
thermometer when it is placed in ice. 
s Ihe upper fixed point is the mark that shows the point of mercury in the 
thermometer when it is placed in steam from boiling water at standard pressure. 
© = Inter-conversiom between scales: 
e@ = From Celstus To Kelvin Seale: 
I'(K) = 273 +C 
e = From Kelvin to Celsius Seale: 
C= 1 (K)- 273 
@ = «From Celsius to Fahrenheit Scale 
F=1.8C +32 
© Heat is a form of energy and this energy is called heat as long as it is in the process 
of transfer frum one body to another bedy. When a body is heated. the kinetic 
energy of its molecules increases. the average distances between the molecules 
increase. 
@ = [thas been observed thet sulids expand on heating and their expansion is nearly 
uniform over a wide range of temperature. Mathematically, 
L= lL, (1+ aAT) 
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8.1 
(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


The thermal coefficient of linear expansion @ of a substance is defined as the 
fractional increase in its length per kelvin rise in temperature 
The volume of a solid changes with the change in temperature and is called as 
volume or cubical expansion. 

V= V, (1+ BAT) 
The thermal coefficient of volume expansion B is defined es the fractional change 
in its volume per kelvin change in temperature. 
There are two types of thermal volume expansion for liquids as well as for gases. 
Apparent volume expansion and real volume expansion. 
The specific heat of a substance is defined as the amount of heat required to raise 
the temperature of a unit mass of that substance through one degree centigrade 
(1°C) or one kelvin (1 K). 
The heat required by unit mass of a substance at its melting point to chcuge it from 
solid state to liquid state is called the latent heat of fusion. 
The quantity of heat required by the unit mass of a liquid at a certain constant 
temperature to change its state completely from liquid into gas is called the latent 
heat of vaporization. 


SOLVED QUESTIONS 


Encircle the correct answer from the given choices: 
Water freezes at: 


(a) O°F (b) 32°F (c) -273K (d) OK 
Normal human body temperature is: 

(a) 15°C (b) 37°C (c) 37°F (d) 98.6°C 
Mercury is used as thermometric material because it has: 

(a) uniform thermal expansion (b) low freezing point 

(c) small heat capacity (d) all the above properties 
Which of the following materials has large specific heat? 

(a) copper (b) ice (c) water (d) mercury 


Which of the following materials has large value of temperature coefficient of 
linear expansion? 


(a) Aluminum (b) Gold (c) Brass (d) Steel 

What will be the value of B fora solid for which © has a value of 2x10°K '? 

(a) 2x10°K™ = (by) 6x10°K" (c) 8x10"K" (dy) 8x10°K" 
(vii) A large water reservoir keeps the temperature of nearby land moderate duc 

to: 

(a) low temperature of water (b) Low specific heat of water 
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(¢) Less absorption of heat (d) Large specific heat of water 

(viii) Which of the following affects evaporation” 

(a) Temperature (b) Surface urea of the liquid (c) Wind (d) All of the above 

Ans: (i) 32°1 (ii) 37°C (iii) ull the above properties (iv) water 
(vy) Aluminum = (vi) 6x10 °K | (vii) large specific heat of water 
(viii) All of above 

8.2 Why does heat flow from hot body to cold body? 

Aas: Heat flows trom hot body to cold body to attain the condition of thermal 
equilibrium 

8.3 Define the terms heat and temperature. 

tas: Heat: Ueat is the energy that is transferred from one body to the other in thermal 
contact with each other as a result of the difference of temperature between them, 
Temperature: Temperature of a body is the degree of hotness or coldness of the 
bods 

8.4 What is meant by internal energy of a body? 

tas: The sum of kinetic energy and potential energy associated with the atoms. 
molecules and particles of a body is called its internal energy. 

8.5 How does heating affect the motion of molecules of a gas? 

Ans: By heating the gas. its molecules get high kinetic energy and start to collide more 
randomly. And motion of gas molecules is increased by heating. So pressure of gas 
molecules inerease by heating. 

8.6 What is a thermometer? Why mercury is preferred as a thermometric 
substance? 

Ans: A thermometer is a device which is used to measure the temperature of a body. 
Mercury is preferred as a thermometric substance duc to following properties. 

@ itis easily visible. 

© = It has uniform thermal expansion, 

@ = It has low freezing point and high boiling point. 

© = Ithas a small specific heat capacity. 

8.7 Explain the volumetric thermal expansion. 

fuse See O# 19 

8.8 Deline specific heat. How would you find the specific heat of a solid? 

ny: The specific heat of a substance is the amount of heat required to raise the 
temperature of [kg mass of that substance through | K- 

Specific heat of any substance can be found out by using following formula: 
\Q 


.* ‘mAl 
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¢ is the specific heat capacity 
AQ is the amount of heat absorbed by the body 
m is the mass of the body. 
AT is the change of temperature 
8.9 Define and explain latent heat of fusion. 
tas: See QO # 10 
8.10 Define latent heat of vaporization. 
Ans: The quantity of heat that changes unit mass of a liquid completely into gas at its 
boiling poimt without any change in its temperature is called its latent heat of 
vaporization denoted by EL, . 
om 
8.11 What is meant by evaporation? On what factors the evaporation of a liquid 
depends? Explain how cooling is produced by evaporation. 
Ans: Evaporation: Evaporation is the changing of a liquid into vapours (gaseous state) 
trom the surtace of the liquid without heating i. 
Factors which affect on evaporation: 
The rate of evaporation is affected by the following factors, 
(i) ‘Temperature (ii) Surface area 
(iii) Wind (iv) Nature of the liquid 
Evaporation causes cooling: 
As evaporation takes plaice, fast moving molecules escape out from the surface of 
the liquid. Molecules that have lower kinetic energics are lefi behind. 
This lowers the average kinetic energy of the liquids molecules and the temperature 
of the liquid. Since temperature of a substance depends on the average kinetic energy of 
its molecules, therefore the temperature of the liquid decreases. 


SOLVED PROBLEMS _ 


8.1 Temperature of water in a beaker is 50°C. What is its value in Fahrenheit 
scale? 
Data: Temperature ~C — 59°C 
Required: Value of temperature in Fahrenheit scale = ? 
Formula: F = 1.8C + 32 
Solution: By putting the value of C in the formula we get: 
F = (1,8) (50) + 32 
F = 90 + 32 


Answer: | he required temperature of water in Fahrenheit seale is 122°F. 
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8.2: Normal human body temperature is 98.6°F. Convert it into Celsius scale 
and Kelvin scale. 
Data: lemperature = F = 98.6°F 
Required: Temperature in centigrade = °C = ? 
Temperature in kelvin = TK > ? 

Formulas: F = | .8C + 32 

(KK) = 273 + °C 
Solution: (i) F = 1.8C + 32 


98.6 = 1.8C + 32 
98.6 32=-1.8C 
66.6 - 1.8C 
66.6/1.8 =C 
C = 37°C 

(ii) T (K) = 273 + °C 


[(K) = 273 + 37 


Bgy= 310%] (K)= 310K 
Answers:(i) he required normal human body temperature in centigrace scale is 37°C. 


(ii) The required normal human body temperature in Kelvin is 310 K. 
83 Calculate the increase in the length of an alttminum bar 2m long when 
heated from 0°C to 20°C. The thermal coefficient of linear expansion of 
aluminum is 2.5*10°K". 


Data:Original length =L, =2m 
Initial temperature = = OC 
Final temperature = = 20° 
Original temperature = T, =0°C=0+273=273K 
| eating temperature =T, =20°C =20+273=293K 


Thermal co-efficient of linear expansion = a = 2.5*10°K" 
Required: Increase in lenght= AL =? 


" a= AL 
Formula: LAT 


Solution; By rearranging the equation: 


L, ATa=AL 

By putting the values, in the equation: we get 
AL = (2) (2.5) * 10 9) (1, —T)) 
Al = = (2)(2.5) * 10 9(293 K - 273 K) 
AL 5 * 10 5(20) 
AL = 5*20* 105 
AL =  100~ 10-5 
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AL = 100 * 103 * 102m 


[aL = 0.1em| 


Answer: The required increase in length in aluminum bar is 0.1 em. 
8.4 A balloon contains 1.2m! air at 15°C. Find its volume at 40°C. Thermal 
coefficient of volume expansion of air is 3.67*10°K"'. 


Data: Original volume = V. =1.2m’ 
Initial temperature =t, =I15°C 
Initial temperature = 7, =15+273 
Initial temperature = T, =288K 
Final temperature =t =40°C 
binal temperature = 7, =40+273 
Final temperature = T,.92373 K 


Thermal co-efficient of volume expansion of air = B = 3.67*10°K" 


Change in temperature = AT =T,-T, 
= 313-288 
AT =25K 


Required: Increase in volume = V =? 

Formula: V= Y, (1 + BAT) 

Solution: — By putting the values in this formula, value of volume can be found out. 
V =1.2[1+3.67* 10° (25)| 

= 1.2 |) 691-75 x 10°] 

=J271+9.175 = 10* 10°] 

=1.2[1+9.175 * 10°} 

= 1.2[1 +0.09175| 
V = 1.2]1.09175] 

Answer: The required volume of balloon is 1.3m*. 

8.5 How much heat is required to increase the temperature of 0.5 kg of water 


cM <= <= 


from 10°C to 65°C? 
Data: Mass of water =m — 0.5 kg 
Initial temperature of water =1, = 10°C 
T, = 10+273= 283K 
Final temperature of water = = t, = 65 °C 
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l, - 65 + 273- 338K 
AT - T, - 1, = 338-283 - 35K 
Required:Amount of heat absorbed by the body = AQ =? 
Formula: SQ = me AT 
Solution: By putting the values, the amount of heat absorbed can be foud out; 
AQ =(0.5kg) (4200) (338 - 273) 
AQ = (0.5) (4200) (55) 
AQ = (2100) (55) 


AQ = 115,500) 


Answer: The required heat to increase the temperature is 115,500]. 
8.6 An electric heater supplies heat at the rate of 1000 joule per second. How 
much time is required to raise the temperature of 200 g of water from 20°C 


to IPPC, 
AQ 
Duta: Electric heater supplies heat at the rate = —~ = 1004s ' 

Mass of the water =m = 200g = 0.2kg 
Initial temperature = = 20°C 

T, gomae"273 = 293K 
Final temperature =t = 90°C 

T, | =90+273 = 363K 

AI =T;-T, 

= 363 -293= 70K 


Required: How much time is required to raise the given temperature = t = ? 
Solution: As we know that 
AQ = mcAT 
dividing both side by 't' to obtain rate of change of heat 
AQ _ meAT 
ae 
By putting the values in eq (1). we get; 
AQ _ (0.2 4200)(70) 
r. t 
1000 = CaSO” 
_ (0.24200) 70) 
1000 


Answer: Hence the time required to raise the required temperature ~ | = 58.8 sec 


(1) 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 326 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 


Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 
PHYSICS (EM) NOTES FOR 9** CLASS (PUNJAB) 


SSSSSSsSsSSSSSSSSSSSSSSSSSSSSSESSSESSSESSSESSSSSSSSsSsesseeeeessesqecoecoqeoq 
87 How much ice will melt by 50,000 J of heat? Latent heat of fusion of 
ice=336000 Jkg" 
Data: Amount of heat AQ, = $0005 
Latent heat of fusion ofice = H, = 336000 Jkg" 
Required; Mass of ice = m=? 
4Q, 
Formula: Hy =m 
Solution: By putting the values in given formula, value of mass can be found out: 
50000 


336-000- 

50 

m "336 

m = 0.1488kg 

m =0.1488 * 10g 

m = 0.1488 « 1000 2 

m = 148.82 

m = 1492 

Answer: The required mass of the ice is 149 g. 

8.8 Find the quantity of heai needed to melt 100g of ice at -10°C into water at 
10°C. 

Note:(Specific heat of ice is 2100 Jkg'K", specific heat of water is 4200 
Jkg"K", Latent heat of fusion of ice is 336000 Jkg’). 


Data:Mass ol ice to be melt ~ m 100g — O.Ike 
initial temperature =4 ==-10°C 
lr, =-10+273 = 263 K 
Final temperature =% = 10°C 
T, =10+273 - 283K 
Specific heatofice  =¢, = 2100 Jkg"K" 
Specific heat of water =c, = 4200 Jkg'K" 
Required: ind the quantity of heat needed to melt 100g of ice at -10°C into water al 
ieC=Q=7 


Formula: The basic relation of specific heat capacity is used here that is AQ = mcAT 
Solution: There are two steps to obtain total heat required to melt ice into water at 
required temperature. 
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Step [: First of all 
Heat is required to bring the temperature of ice from -10°C to OC. 
For this by using the relation AQ, = me, AT (¢ =¢,) 
By putting values in this equation. we get 
AQ, = (0.1) * (2100) = (0°C ~-10°C) 
AQ, = (210) (10) 


Step II: Amount of heat required to convert 0°C ice into 0°C water: 


AQ, =m * H; 
= 0.1 « 336000 
AQ, ~ 33600 J 


Step I: Now heat is required to convert this ice at O°C to water at 10°C 
So. aguin by using the above relation 
AQ. =me, AT 
By putting values in above equation, we get: 
AQ, = (0.1) (4200) (10° — 0°) 
AQ, = 420 (10) 
Now obtain total heat to convert ice ftom -10°C to 10°C water, we should add 
these quantities of heat 
AQ = AQ, +AQ, +AQ. 
= 2100 + 33600 + 4200 
AQ = 399005 
Which is the required heat. 
Answer: Hence to melt 100g of ice at —10°C into water at 10°C, 39900 J of heat is 
required. 
8.9 How much heat is required to change 100 g of water at 100°C into steam? 
(Latent heat of vaporization of water is 2.26% 10° Jkg" ). 
Aas: Mass of water = |g =m=0.) kg 
Temperature of water =t = 100°C 
Latent heat of vaporization of water = AH, 2.26x10° Ike" 
Required: How much heat is required to undergo this change = Q =? 
Formula: As we know the formula of latent heat of vaporization = AQ, = mH, 


Solution: By using the above given formula. we get AQ, = mH, 
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By putting values in above equation. we get: 
AQ, = (0.1) (2.26%10") 
AQ, = 226000 


Answer: Hence: 
Vhe heat required to change 100g of water at 100°C into sieam is 2.26«10°S. 

8.10 Find the temperature of water afier passing 5 g of steam at 100°C through 
500 g of water at 10°C. 

Note:(Specific heat of water is 4200 Jkg'K', Latent heat of vaporization of 
water is 2.26% 10° Jkg"). 


Aas: Given: mass of water =m, = 500g = 0.5kg 

lemperature of water = T, = 10°C 

Mass of steam =m, = 5g > 0.00Ske 

Temperature of steam = T, = 100°C 

H, = 2.26 = 10° Ske! 

Required: =T =? 
Solution: 
(i) Amount of heat required to change U.005 kg of steam into 100°C of water: 
ie. AQ, =myH, = 0.005 * 2.26 = 10° 


AQ, = 113004 
(ii) Amoum of heat released from 0.005 kg water: 
AQ. = m.cAT 
= 0.005 * 4200 « (100— T) 
=24(100— T) 
AQ, =2100 21T 
(iii} Amount of heat absorbed by 0.5 ky of water: 
AQ, =m cAT 
= 0.5 « 4200 « (T - 10) 
AQ, ~2100 F - 21000 


Now 
Absorbed heat = Released heat 
2100 1 - 21000 11300 + 2100-21 7T 
2121 T = 34400 


T = 16.21°C 
Hence the final temperature of mixture is 16.21 °C. 
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PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 
(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 


RAWALPINDI, D.G. KHAN And BAHAWALPUR) 


‘miawae Temperature and Heat+ Thermometer 
8.3+8.4 Be Cee a oe bl 


% Tick the correct answer. 
1. Degree of hotness or coldness of the body is called: IDGK. GH 


(A) Heat (8B) Thermal conductivity (C) |leat capacity. (D) Temperature 
2. Which of the materials has large value of specific heat: 
UTR. GL SGDOGHLGRW, GH. MLN. GH. SGD. Gap 
(A) Copper (13) lee (C) Water (D) Mereury 
3. Which material has large value of temperature coefficient of linear expansion? 
(FBD. Gily 


(A) Gold (3) Brass (C) Aluminium = (D) Steel 

4. Temperature of Iee in Freezer is: (MEN. G1) 
(A) 0°C (B) -8°C (C) 18°C (DD) -28°C 

5. The temperature 50°C on celsius seale is equal to fahrenheit scale: (MLN. GH) 
(A) 112°! (B) 120°F (C) 122°F (1) 123°h 

6. Normal human body teniperature is: | W1. G1 DG. G1 & GUL FD. GIL SGD. GL BWP, GI) 
(A) 15°C (B) 37°C (C) 37°F (D) 98.6°C 

7. On kelvin scale the value of absoulte zero is: (SGD. GL RW? GL PRD. GL RWP. GH) 
(A) Loo°rc (B) 373K (C) -273°C (1) 273K 

8%. Murcury is used as Thermometric Material beeause it has: (BWP, GH 
(A} Uniform Thermal Expansion (B) Low Freezing Point 
(C) Small Heat Capacity (D) All the given properties 

9. The boiling point of water is: (MEN. GI) 
(A) 98°C (13) 78°C (Cy 100°C (D) 90°C 

10. On Celsius scale, the temperature 300K will be: IRWP, Gt) 
(A) 26C€* (3) 25€° (C) 24C° (ID) 27C° 

11. Water freezes at: (LI, GH, GRW. GISWL. Git) 
(A) O° F (1B) 32°) (C) -273 K (D) OK 

12. The value of specific heat of silver in joules per kilogram per kelvin is: (awe. G1) 
(A) 138.6 (By) 12 (C) 235.0 (1d) 134.8 
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13. The specific heat of Lron in Joules per Kilogram per Kelvin is: 


(BWP. G H, 2014) (GRW. G 1, 2015) 
(A) 378 (B) 920 (C) 470 (D) 903 


Ans. 


Ans. 


Ans. 


Sol, 


1. Temperature 2. Water 3. Aluminium 4, -18°C 
8. 122°F 6. 37°C 7. ~273°C 8. All the given properties 
9, 100°C 10. 27C° ih. 32°F 12. 235.0 13. 470 
Give short answer to the following questions. 
Define internal energy. (LURK. GL. PRD. GIL SW. GL SGD. Gi DGK, GIL BWP. GH 
Internal Energy: The sum of kinetic energy and potential energy associated with 
the atoms. molecules and purticles of a body is called its intemal energy. 
Define heat and temperature. 

(LIER. GL. MLN. G1, & GH SWL. GH, RWPL GL & GIL DOK. GL. & GI, BWP. GI) 
Heat: Heat is the energy that is trunsterred from one body to the other in thermal 
contact with cach other as a result of the difference of temperzture between them. 
Temperature: | emperature of a body is the degree of hotness or coldness of the body. 
What are the factors on which internal energy depends? (FBD. GL. SGD. GIH 
Internal energy depends upon the following factors. 
1. Mass of a body. 2. K.E. of molecules of a body. 
3. =P. of molecules of u body 
Why does heat flow from hot body to cold body? (MLN. GL SGD. G1, BGK, GE& G1) 


. teat flows from hot bedy to cold body to attain the condition of thermal 


equilibrium, 

Differentiate between heat and internal energy. (RYE GULSWE, GH) 

Heat: Heat is the energy that is transferred trom one body to the other in thermal 

contact with each other as a result of the diflerence of temperature between them. 

Internal energy: Whe sum of kinetic energy and potential energy associated with 

the atoms, molecules and particles of a body is culled its internal energy. 

How does heating affect the motion of molecules of a gas? (BWP. GH, LIER. Git) 

By heating the gas. its molecules get high kinetic energy and start to collide more 

randomly. And motion of gas molecules is increased by heating. So pressure of gas 

molecules increase by heating. 

What will be temperature on Kelvin seale of temperature when it is 20°C on . 

Celsius scale? (RK. GL RWP. GH 
( 20°C 

us ( =273+ C 
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+ 273 + 20 = 293K 
8. Convert 100°F into the temperature on Celsius scale. (Luk Gi, SGD. G1, DGK. G1 & Guy 


Sol. F = {00°F 
Since 1.8C = F-32 
1.8C = 100-32 
or 1.8C =68 
or C = 68/1.8 
or C =~ 37.8°C 
Thus 1 00°F is equal to 37.8°C. 
9. Write two scales of temperature. (GRW. GL& GH, SWL. GL MLN. G I) 


Ans. 1, Celsius Seale 
2. Fahrenheit scale 
10. Define thermometer. (GRW. G1, SWL. Gl, DGK, GD) 
Ans. Thermometer: A thermometer is a device Which is used lo measure the 
temperature of a body. 
ll. Change 300 K on Kelvin into Celsius scale. (GRW. Gil, MLN. G1& GIL LR. GHh 
Sol. Tt = 300K 
Since © TUR) -273 
C = (300 - 273)°C 
or C =27C 
12. Convert 50° C on celsius scale into Fahrenheit temperature scale. (BD. GY) 
Ans. Cc = 50°C 
Since F = (18 *C +32) 
F = (18% 50-32) 
or & = [22°F 
Thus, SG°C on Celsius scale is ]122°P on Fahrenheit scale. 
13. How ean Celsius seale be converted into Kelvin and Fahrenheit scales? 
(SL. GH. RWP. GH) 
Ans, Conversion of temperature from Celsius seale to Kelvin seale: The temperature 
T on Kelvin scale can be obtained by adding 273 in the temperature C on Celsius 
scale, thus; 
T(k) = 273 +C 
Conversion of temperature from Celsius to Fahrenheit scale: 
Since ]00 divisions on Celsius scale are equal to 180 divisions on Fahrenheit scale. 
therefore. each division on Celsius seale is equal to 1.8 divisions on Fahrenheit 


scale. 
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Moreover, 0°C corresponds to 32°F. 


F=1.8C +32 
14. What is thermometer? Why mercury is preferred as a thermometric material? 
(SWL. Gil, DGK. GI) 
Ans. Thermometer: A thermometer is a device which is used to measure the 
temperature of a body. 


Mercury is preferred as a thermometric substance duc to following properties. 
@ = Iris easily visible 

® = It has uniform thermal expansion. 

® thas low freezing point and high boiling point. 

® thas a small specific heat capacity. 


15. Convert 60°C on celsius scale into Fahrenheit scale. (BYwP.Gi) 
Ans. C =60° 
Since F =1.8C + 32 
= |.8 (60) + 32 
= 108 + 32 
F =140°F 


16. What is meant by upper and lower fixed points of thermometer? 
. (LHR. Gl, SWL. Gl, BWP. Gil) 
Ans, Lower fixed point: The lower fixed point is marked to show the position of liquid 
in the thermometer when it is placed in ice. 
Upper fixed point: Upper fixed point is marked to show the position of liquid in the 
thermometer when it is placed in steam at standard pressure above boiling water. 
17. Define temperature and thermometer. (GRW, Gil) 
Ans, Temperature: Temperature of a body is the degree of hotness or coldness of the body. 
Thermometer: A device that is used to measure the temperature of a body is called 
thermometer. 
18. Write two properties of a thermometric liquid, (GRW. GI) 
Aus. Properties of thermometric liquid: 
A thermometric liquid should have the following properties. 
1.  Itshould be visible. 2. It should have uniform thermal expansion. 
3. It should have a low freezing point. 
19. Write the equation of conversion from Kelvin scale to Celsius scale. — (SWL. GI) 
Ans. Conversion of temperature from Kelvin to Celsius scale: 
The temperature On Celsius scale can be found by subtracting 273 from the 
temperature in Kelvin Scale. Thus, 
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C=T(K)-273 
20. Define Fahrenheit scale and Kalvin scale, (SGD. GI) 
Ans. Fahrenheit scale (°F): On Fahrenheit scale, the interval between lower and upper 
fixed points is divided into | 80 equal parts. 
Kelvin scale: On Kelvin scale, the interval between the lower and upper fixed 
points is divided into 100 equal parts. 
21. Describe the use and range of a clinical thermometer. (SGD. Gil) 
Ans. A clinical thermometer is used to measure the temperature of human body. It has a 
narrow range from 35°C to 42°C. It has a construction that prevents the mercury to 
return. Thus, its reading does not change until reset. 
22. Write two characteristics of the Liquid used in Thermometer. (BWP. Gll) 
Ans. @ Mercury freezes at -39°C and boils at 357°C, 
@ Mercury has all thermometric properties, which are necessary for thermometric 
material. 
23. Convert 20°C on Celsius scale to Kelvin scale temperature. (F BD. GI!, SGD. GU.) 
Sol. Cc =20°C 
as T -273+C 
T =273 + 20= 293K 
24. Define specific heat.(.He Gl. GRW. Gi, MLN. G1. SWL. Gi & Gl, BWP. Gl, SGD. Gi, DGK. GI, & GI) 
Ans. Specific Heat: The specific heat of a substance is the amount of heat required to 
raise the temperature of |kg mass of that substance through IK. . 
Formula: Specific heat of any substance can be found out by using following formula: 


_ AQ 
c= maT 
25. How specific heat differs from heat capacity? (FBD. GL 


Ans. Specific heat: The specific heat of a substance is the amount of heat required to 
raise the temperature of 1kg mass of that substance through Ik. 
Heat Capacity: Heat capacity of a body is the quantity of thermal energy absorbed 
by it for one kelvin (1K) increase in its temperature. 
26. Why water is used in cooling system of vehicles? (FBD. Gil) 
Aas. The cooling system of automobiles uses water to carry away unwanted thermal energy. 
In an automobile, large amount of heat is produced by its engine due to which its 
temperature gocs on increasing. The engine would cease unless it is not cooled down. 
27. What is meant by Heat Capacity and write its formula? 
(MLN. Gil, GRW. Gil, SWL. Gl, SGD. GI) 
Ans. Heat Capacity: Heat capacity of a body is the quantity of thermal energy absorbed 
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by it for one kelvin (1K) increase in its temperature. 
Formula; Heat capacity = me 
28. How much heat is required to increase the temperature of 0.5 kg of water 
from 10°C to 65°C? (SWL, GI, RWP. Gil) 
Ans. Mass =m=0.5 kg 
Increase in temperature = T, = 65°C 
= 65+273=338 K 
Original temperature = T, = 10°C 
= T,=10+273=283 K 
Specific heat of water= ¢ =4200 Jkg'K" 
Required: Amount of heat absorbed by the body 
=AQ=? 
Formula; AQ = mcAT 
Sol: By putting the values, the amount of heat absorbed can be foud out; 
AQ = (0.5kg) (4200 Jkg"K") (T, -T,) 
AQ = (0.5kg) (4200) (338 — 273) 
AQ = (0.5) (4200) (55) 
AQ = (2100) (55) 
Ans. The required heat to increase the temperature is 115,500J. 
29. Describe relation between Heat Capacity and Quantity of substance. (ewer. Gi) 
Ans. Relation between heat capacity and quantity of substance: 
Mass and heat capacity are directly proportional to each other larger is the quantity 
of a substance, higher will be its heat. 


Latent heat of fusion+Latent heat of vaporization 


The Evaporation + Thermal Expansion 


*% Tick the correct answer. 
1. Which of the following affects evaporation? (sWL. Gt, FBD.GI, DGK. GI & GU, LHR. Gl) 


(A) temperature (B) surface areaofliquid (C) wind (D) all of these 
2. The specific heat of water is: (GRW. Gl) 
(A) 800Jkg'K' (B) 4200 Jkg"K" (C) 2500 Jkg"K~ (D) 1760 Jkg'K' 
3. The co-efficient of linear expansion and volume expansion are related by the 
equation: (LHR. Gh 
(A) B=a (B) B=3a (©) B=20 — (D) B= > 
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1. all of these 2. 4200 Jkg 'K 3. B=3a 
W Give short answer to the following questions. 
1. Define latent heat of fusion and write its value for ice. 
(EBD, Gil, MLN. Gt& GH, RWP. GIl, DGK. Gi & Gil, BWP. GH, SWL. GI & Gil) 
Ans. Latent heat of fusion: Heat energy required to change unit mass of a substance 
from solid to liquid state at its melting point without change in its temperature is 
called its latent heat of fusion denoted by H. 
Latent heat of fusion of ice is 3.36* 105Ikg | 
2. What is meant by latent heat of fusion? (BWP. GU, GRW. G}) 
Ans, Latent heat of fusion: Heal energy required to change unit mass of a substance 
trom solid to liquid state at iis melting point without change In its temperature is 
called its latent heat of fusion denoted by H. 
3. How many types are of Latent Heat? Write its names. (LR. GH) 
Ans, There are two types of laten heat: 
1. Latent heat of fusion. 2. Latent heat of vaporization. 
4. Define and write down the mathematical form of latent heat of fusion. (Rwe. Gl) 
Ans. Latent heat of fusion: Heat energy required to change unit mass of a substance 
from solid to liquid state at its melting point without change in its temperature is 
called its latent heat of fusion denoted by Hy. 
Mathematical form: 
AQ, = mHy 
5. Define latent heat of vaporization. (GRW, Cll, FBD, GI & Gil, MLN. Gil, SGD. Gil) 
Ans. Latent Heat of Vaporization: The quantity of heat that changes unit mass of a 
liquid completely into gas at its boiling point without any change in its temperature 
is called its latent heat of vaporization denoted by H,. 
_ 30, 
. 
6. Define co-efficient of linear thermal expansion and write its formula. 
Ans, Co-efficient of linear thermal expansion; — (GR. Gl, MLN. GI. & GI, BWP, GI & Gt) 
Co-efficient of linear thermal expansion * of a substance can be defined as _. 
fractional increase in its length per kelvin rise in temperature. 


AL 
Formula; *~ CAT ' 


7. What is difference between evaporation and vaporization? —(FBD. GI, RWP. Gl) 
Ans. Evaporation: Evaporation is the changing of a liquid into vapours (gascous state) 
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from the surface of the liquid without heating it. 
Vaporization: Vaporization is the changing of a liquid into vapours (gaseous state) 
from the surface of liquid with heating it. 
8. Give the name of factors on which Evaporation of a liquid depends. 
(SGD, GU, FRD. Gil. BWP. GI) 
Ans. Evaporation of liquid depends upon the following factors: 


1. Temperature 2. Surface Area 
3. Wind 4. Nature of liquid 
9. Give two uses of cooling effects by evaporation, (RWP. GI) 


Ans, i. Evaporation of perspiration helps to cool our bodies. 

ii. Cooling is produced in refrigerators by evaporation of liquefied gas. which produce 
cooling effects. 

10. Does nature of Liquid effect Evaporation? Give anexample.  (Bwr. G1. GRW. Gh 

Ans. Liquids differ in the rate at which they evaporate. 
Example: Put a few drops of cther or spirit on the palm, it evaporates rapidly while 
for drops of water on the palm does not evaporate rapidly. 

11. What is the effect of temperature on evaporation? (LUR. GIL, RWP, Gil) 

Ans. Effect of temperature on evaporation: 
Evaporation takes place at al temperature from the surface of a liquid. 
Evaporation is faster at high temperature, more molecules of a liquid are moving 
with high velocities. Thus, more molecules are escaping from its surface. 

12. Why wet clothes dry up more quickly in summer than in winter? Also define 
this process. (MLN. Gly 

Ans. Evaporation is faster at high temperature than at low temperature thus, is summer, 
at higher temperature, more molecules of a liquid are moving with high velocities 
and wet clothes dry up more quickly in summer then in winter. 

13. Does Water and Spirit evaporate at the same rate? Explain. (MLN, Gi) 

Ans. Liquids differ in the rate at which they evaporate. If we put a few drops of ether or 
Spirit on the palm, it evaporates rapidly while few drops of water on the palm does 
not evaporate rapidly. 

14. Give two uses of cooling effect by evaporation. (SGD. GI) 

Ans. Uses of cooling effect by evaporation: 

1. Evaporation of perspiration 1elps to cool our bodies. 

2. Cooling is produced in refrigerators by evaporation of liquefied gas. This produces 
cooling effect. 
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15. What is meant by Evaporation? (BWP. GI 
Ans. Evaporation: Evaporation is the changing of a liquid into vapours (gaseous state) 

from the surface of the liquid without heating it. 
16. Define the coefficient of linear expansion. (LHR. GH, GRW. Gl, FBD. GI) 
Ans. Coefficient of Linear Expansion: 
Co-efficient of linear expansion « of a substance can be defined as fractional 
increase in its length per Kelvin rise in temperature. 
17. Whatdo you mean by anomalous expansion of water? (FBD. Gt 
Ans. Water on cooling below 4°C begins to expand until it reaches 0°C, On further 
cooling its volume increases suddenly as it changes into ice a 0°C. When ice is 
cooled below 0°C, it contracts i.e. its volume decreases like solids. This unusual 
expansion of water is called the anomalous expansion of water. 
18. Write down two uses of thermal expansion in daily life. (SGD. GH, FBD. Gt!) 
Ans. i, For the measurement of temperature: In thermometers, thermal expansion is 
used in temperature measurements. 
ii. Opening the metallic cap of bottle: 
To open the cap of a bottle that is tight enough, immerse it in hot water for a minute 
or so. Metal cap expands and becomes loose. It would now be easy to turn if to open, 
19. Write down the values of co-efficients of linear thermal expansion of gold and 


silver. (RWP. Gl) 
Ans. Gold: o =1.3« 10k" Silver: a=1.93x10%k" 
20. Describe the use of Bimetal Strip. (BWP. GI, LHR. G1) 


Ans. Uses of bimeta! strips: 
Bimetal strips are used for various purposes. 

®  Bimetal strips are used in thermometers to measure temperatures especially in 
furnaces and ovens. 

©  Bimetal strips are also used in thermostats. Bimetal thermostat switch is used to 
control the temperature of heater coil in an electric iron as shown in given figure. 

21. What is meant by thermal equilibrium? (LHR. GD) 

Ans. Thermal equilibrium: When two bodies of different temperatures are brought 
close to each other, the heat is released by hot body and is absorbed by cold body. 
So thermal equilibrium is the condition in which two bodies attain same 
temperature, 

22. What is meant by thermal expansion? (GRW. Gi, RWP. Gt) 

Ans, Thermal expansion; Expansion due to heating is called thermal! expansion. ‘ 


Visit www. .downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 338 of 364) 


For more notes & academic material visit our Website or nstall our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


PHYSICS (EM) NOTES FOR 9* CLASS (PUNJAB) 


23. Define co-efficient of volume thermal expansion. (FBD. Gi) 

Ans. Co-efficient of volume thermal expansion: The co-efficient of volume thermal 
expansion 8 can be defined as the fractional change in its yolume per kelvin change 
in temperature. 

24. What is meant by volume thermal expansion? Write its equation. (FBD. Gl) 

Ans. Volume thermal expansion: The volume of solid changes with the change in 
temperature and is called yolume thermal expansion or cubical thermal expansion. 
Equation: V = V, (1 + B AT) 

25. Write the names of types of Thermal Volume expansion for liquids, (MLN. Gt) 

Ans. Types of thermal volume expansion for liquids: When a liquid is heated, both 
liquid and the container undergo a change in their volume, So there are two types of 
thermal volume expansion for liquid. 


Apparent volume expansion 
® Real volume expansion. 
26. Why liquids expand on heating? (SWL. GI) 


Ans. Process of liquid expansion: 
The molecules of liquids are free to move in all directions within the liquid. On 
heating a liquid, the average amplitude of vibration of its molecules increases. The 
molecules push each other and need more space to occupy. This accounts for the 
expansion of the liquid when heated. 

27. Define consequences of thermal Expansion and write its example. (SGD. GI) 

Ans. The expansion of solids may damage the bridges, railway tracks and roads as they 
are constantly subjected to temperature changes. So provision is made during 
construction for expansion and contraction with temperature. 


Expansion of railway track: 
Railway tracks buckled on a hot summer day due to expansion if gaps are not left 
between section. 

28. Why gaps are left in railway tracks? Explain it. (SGD. GI) 


Ans. Gaps are left in railway tracks to compensate thermal expansion during hot 


scason. 
TEFEM 
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TRANSFER OF HEAT | 


@ STUDENTS LEARNING OUTCOMES 


After studying this unit, the students will be able to: 

> recall that thermal energy is transferred from a region of higher temperature to a 
region of lower temperature. 

>» describe in terms of molecules and electrons, how heat transfe 
occurs in solids. 

> state the factors afffecting the transfer of heat throuh solid 
conductors and hence, define the term "Thermal Conductivity". 

>» solve problems based on thermal conductivity of solid 
conductors. 

>» write examples of good and bad conductors of heat and 
describe their uses. 

>» explain the convection currents in fluids due to difference in 
density, 

> state some examples of heat transfer by convection in everday 
life. 

> explain insulation reduces energy transfer by conduction. 

describe the process of radiation from all objects. 

> explain that energy transfer of a body by radiation 


yy 


energy transfer is affected by: 
@ Colour and texture of the surface 
® Surfacetemperature @ Surface area 


INVESTIGATION SKILLS: 
» Describe convection in water heating by putting a few pinky crystals in a round 
bottom flask. 


>» Explain that water is a poor conductor of heat. 

» Investigate the absorption of radiation by a black surface and silvery surfaces using 
Leslie cube. 

» Investigate the emission of radiation by a black surface and silvery surfaces using 
Leslie cube. 

SCIENCE, TECHNOLOGY AND SOCIETY CONNECTION: 

» describe the use of cooking utensils, electric kettle, air conditioner, refrigerator 
cavity wall insulation, vacuum flask and household hot-water system as a 
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consequence of heat transmission procvsses. - 

7 explain convection in seawater to support 
marine life. 
y — describe the role of land breeze and sea breeze |? 
for moderate costal climate. 

yr describe the role of convection in spacelg 
heating. 


Major Concepts: 
The three proceis of heat transfer 


Consequences and everday applications: 
of heat transfer 


>» Identify and explain some of the everyday 
applications and consequences of heat transfer by 
conduction. convection and radiation, 

~ explain how the birds are able to fly for hours 
without Napping their wings and glider is able to 
rise by riding on thermal currents which are 
streams of hot air rising in the sky. 

- explain the consequence of heat radiation in greenhouse effect and its effect in 
global warming. 

Introduction: Heat is an important form of energy. It is necessary for our survival. We 

need it to cook our food and t maintain our body temperature. Heat is also needed in 

various industrial processes, How to protect ourselves from high as well as low 

temperature, needs knowledge of how heat travels. In this unit, we will study various 


ways of heat transfer. 
9.1 | Transfer of Heat: 


0.1. What is heat? How heat is transfered? Explain briefly? 
Ans: Heat: Heat is an important form of energy which is transferred from one body to 
other due to the difference in temperature. 
Transfer of heat: When two bodies at different temperature are in thermal contact with 
each other. Thermal energy from a hot body flows to the cold body in the form of heat. 
This is called as transfer of the heat. 
Natural process: 

Transfer of heat is a natural process. 
Direction of transfer of heat: Transfer of heat continues all the time as long as the 
bodies in thermal contact are at different temperature. 
Ways of heat transter: 

There are three ways by which transfer of heat takes place. 
1. Conduction 2. Convection 3. Radiation 
Explanation with diagram: 

Three ways of transfer of heat can be shown or expressed diagrammatically as. 
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9.1: Three ways of heat transfer 


ST SS 
Nba 
—_—e ag 
Radiation 


Quick Quiz: 
Think of objects around us getting heat or giving out heat. 
ice cube placed, af a room temperature melts soon because H1 gets heat from the surroundings. 
A hot plece of iron, placed at room temperature, cools slowly because I gives out its heat fo environment. 
A black and rough surface absorbs more heat than a white or polished surface. Therefore the bottoms of 
cooking pots are made black to increase the absorption of heat from fire. 
The gloss of greenhouse get heat. 


EFA Conduction 


Q.2. What is the process of conduction? Explain it briefly. 
Ans: Conduction: The mode of transfer of heat by vibrating atoms and free electrons in 
solids from hot to cold parts of a body is called conduction of heat. 
Conduction of heat: Both metals and non-metals conduct heat, but behave differently 
regarding the transfer of heat. 
Metals are generally better conductors than non-metals. i en 
Metals are good conductors: The substances through 
which heat does conduct are called good conductors. All | COA Sey 
metals are good conductors of heat. Figure 9.2: (b) Oe tase ts 
Example: The handle of metal spoon held in hot water | transferred from one part to the 


soon gets warm. others by conduction 
Non metals are bad conductors: 

The substances through which heat does not conduct, are called bad conductors or 
insulators. 


Examples: The handle of wood spoon held in hot water does not get warm. 

Wood, cork, cotton, woo!, glass, rubber etc are bad conductors or insulators. 
Explanation of conduction process: Hot Cold 

Consider a metal rod as shown in given figure. 

One end of it is heated by « burner or candle. The 
other end soon becomes hot due to transfer of heat from 
hot end to the cold end. The atoms or molecules present at 
the end which is heated by a burner, begin to vibrate more 
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rapidly. They also collide with their neighbouring atoms or molecules, In doing so, they 
pass some of their energy to neighbouring atoms or molecules during collisions with 
them with the increase in their vibrations. These atoms or molecules in tum pass on a 
part of the energy to the neighbouring particles. In this way some hcat reaches the other 
parts of the solids. This is a slow process and very small transfer of heat takes place from 
hot to cold parts in solids. 


Free electrons: 


place to another, by getting energy. 
Transfer of electrons from hot to cold end of a rod: 


-~ free clecwwon @positive ion 


They carry energy at a very fast rate from hot to cold) | 


quickly than non-metals. 


DO YOU KNOW? 
Why Styrofoam boxes are used to keep food hot or ice cream cold for a long time? Styrofoam is a bod 
conductor of heat. |! does aot allow heal to leave or enter the box easily. 


0.3. What is thermal conductivity? Give its explanation. On which factor 
thermal conductivity depends? Prove its formula. 
Ans: Thermal conductivity: Thermal conductivity of a substance can be defined as; 

The rate of flow of heat across the opposite faces of a metre cube of a substance 
maintained at a temperature difference of one kelvin. 
Conduction of heat: 

Conduction of heat occurs at different rates in 
different materials. In metals, heat flows rapidly as 
compared to insulators such as wood or rubber. 
Explanation: 

Consider a solid block as shown in given figure. varlous factors. 


One of its two opposite faces each of cross-sectional area A is heated to a 
temperature T, 
Heat Q flows.along its length L to opposite face at temperature (T,) in t seconds. 
Rate of flow of heat: 
The amount of heat that flows in unit time is called the rate of flow of heat. 
Formula to find the rate of flow: 
- Rate of flow of heat can be found out by the given formula. 


' 
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Rate of Now of heal = 2 


Factors on which thermal conductivity depends: 

Thermal conductivity or rate at which heat flows depends upon following factors. 

{i} Cross sectional area of the solid (A) 

(ii) Length of the solid (1). 

(iii) Temperature difference between the hot and cold ends (T; — T>). 

(iv) Nature of the material of solid 
Cross-sectional area of the solid: 

Larger cross-sectional area A of a solid contains larger number of molecules and 
iree electrons on each layer parallel to its cross-sectional area and hence greater will be 
the rate of flow of heat through the solid. Thus rate of flow of heat is given as; 


Rate of flow of heat os . eT 5 


Length of the solid: 
Larger is the length between tie hot and cold ends of the solid, more time it will 
take to conduct heat to the colder end and smaller will be the rate of flow of heat. Thus 


I 
Rate of flow of heat Qt ssngllyreeevsssorgereevesones (2) 


L 
Temperature difference between ends: 
Greater is the temperature difference I,-T, between hot and cold faces of the 
solid, greater will be the rate of flow of heat. Thus rate of heat flow 


S<(1-T,) anidcesinsicie ERY 
Now by combining eq # | & 2 and 3 we get: 
Q oc A(T, -T,) 
t L 
By changing the sign of proportionality into equality, a constant (k) is used. 
A(T, —T, 
So, Rate of flow of heat S - pO! pncemorancommecionsn (iS 


Here k is the proportionality constant called thermal conductivity of the solid. 
Value ol k: 

Value of k depends on the nature of the substance and is different for different 
material. 

From equation # 4 the value ofk can be found out as; 


a 
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Thermal conductivities of some substances: 
Thermal conductivities of some common substances are given in the table. 


0.4. (a) In houses, what is the meaning of good thermal insulation? Which 
measures are taken to save energy? 
(b) For what purposes conductors and non conductors are used? Write 


in detail. 
Ans: (a) In houses, good thermal insulation means lower consumption of fuel. 
Important measures to save energy: é 
In houses, following measures may be taken to Save 
energy. 
@ Hot water tanks are insulated by plastic or foam lagging. 
@ Wall cavities are filled with plastic foam or mineral wool. 
@ Ceiling of rooms is covered by insulating materials (false 
ceiling). 
@ Double glazed window panes are used. These window Figure 9.5: Soft insulation 
panes have air between glass sheets that provides good| board between external brick 
insulation. 
(b) Uses of conductors: 
@ Good conductors are used when quick transfer of heat is required through a body. 


@® Cookers, cooking plate, boiler, radiators and 
condensers of refrigerators, etc. are made of metals 
such as aluminium and copper for the better 
conduction, 


Metal boxes are used for making ice, ice cream, etc. 


; Sauce-pans are made of metal for 
Sauce pans are made of metal for quick heat transfer. | quick heat transfer 
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Uses of non-conductors: 
@ Insulators or bad conductors are used in home For your Information 
utensils such as handles of sauce-pans, hot plates, 
spoons etc. They are made up of wood or plastic. 
® =Airis one of the bad conductors or best insulator. 
That is why cavity walls i.e two walls separated by 
an air space and double glazed windows keep the 
houses warm in winter and coo! in summer. 
® Some of the non-conductors are used for laggings 
to insulate water pipes, hot water cylinders, ovens, 


: the top in the test tube starts 
refrigerators, walls and roofs of houses. bollieg alter jpeltieg bent feom the 


Woollen cloth is used to make warm winter clothes. 


Feathers give good thermal insulation 
especially when fluffed up. 
Examples of non-conductors: 
Wood and plastic are ron conductors. 
Materials which trap air i.e. wool, felt, fur, feathers, 


polystyrenes, fibre glass are also bad conductors, Feathers give good thermal insulation 


especially when fluffed up. 


ae, Phe exterior brick wall of a house of thickness 25 cm has an 
area 20 m?. The temperature inside the house is 15°C and outside is 
35°C. Find the rate at which thermal energy will be conducted through 


the wall, the value of k for brick is 0.6 Wmr! K-', 
Solution: A | =20 m2 
L +25 em = 025m 
T; =354+273 = 308K 
To =154+273 = 288K 
mam ~Ty-Tz 
= 308 K —- 288 K = 20K 
k = =0.6 Wm-! K"! 
Using equation 9.2, rate of conduction of thermal energy is 
kA(T, -T,) 
L 


0.6 Wm “K 'K 'x20m? x20K 
025m 
= 960 watt or 960 Js-! 
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_ Thus, the rate of flow of thermal energy across the wall will be 960 joules per 


second. 
EER Convection 


0.5. What is convection process? Describe it briefly. 

Ans: Convection: Transfer of heat by actual movement of molecules from hot place to a 
cold place is known as convection. 

Transter of heat in liquids and gases: 

Liquids and gases are poor conductors of heat. However, heat is transferred through 
fluids (liquids or gases) easily by the method of convection. 
Explanation by an example: 

Convection process can be explained by an example. 

Suppose a part of a liquid or a gas is heated by a flame 
as shown in the given figure. 
e A liquid or a gas becomes lighter (less dense) as it 

expands on heating. Hot liquid or gas rises up above 

the heated area. 
@ The cooler liquid or gas from the surroundings fills the Figure 9.6: Balloons inflated 
place which in turns is heated up. In this way, all the| with hot air rise up. Air become 
fluid is heated up. slighter on heating. 
Actual movement of molecules in convection process: 

It is observed and concluded that in convection process the transfer of heat through 
fluids takes place by the actual movement of heated molecules from hotter part to colder 
parts of the fluids. 

0.6. With the help of a simple experiment show that transfer of heat in 
liquids obeys the convection process. 

Ans: To show that the transfer of heat in liquids is done only due to convection process, 
following experiment is performed, 

Experiment: Steps of experiment are given as: 

@ Take a beaker and fill two-tird of it with water. 

@ Heat the beaker by keeping a burner below it. 

@ Drop two or three crystals of potassium 
permanganate in the water. 

Observations: It will be seen that coloured streaks © 

water formed by the crystals move upwards above the Figure 9-7: Cystals of potessioen 

flame and then move downwards from side ways @S| permanganate are wsed to show the 

shown in figure. movement of water on heating. 
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Conclusion: These coloured streaks shows that transfer of heat in the liquid is by the 
actual movement of molecules or convection process. 

Mechanism of convection in the beaker: 
When the water at the bottom of the beaker gets hot, it expands, becomes lighter 
and rises up. While the cold but denser water moves downward to take its place. 
Q.7. What do you understand by convection currents in air? Write the use 
of convection currents in daily life. 


Ans: Convection currents in air: 

Gases also expand on heating, thus convection currents are easily set up due to the 
differences in the densities of air at various parts in the atmosphere. , 
Example: Convection currents of air can be observed 
by a simple experiment set up as shown in the given 


tigure. 
The emitting smoke is showing the path of the 
convection, 
Uses of convection currents; 
Convection currents occur on a large scale in nalure.l4ig.9.8 Smoke showing the path 
Some uses of convection currents are as; of the convection 


@ Convection currents set up by electric, gas or coal heaters help to warm our homes 
and offices. 
Central heating systems in buildings work on the same principle by convection. 
‘The day-to-day temperature changes in the atmosphere result from the circulation of 
warm or cold air that travels across the region. 

@ Land and sea breezes are also the examples of convection current. 

Q.8. Write small note on followings. 
(a4) Land and sea breezes (b) Gliding 

(a) Land and sea breezes: 
Land and sea breezes are the result of convection. 

Process of sea breeze: 


On a hot day, the temperature of the land increases Da 
more quickly than the sca. ni 
“ 


lt is because the specific heat of land is much 
smaller as compared to water. The air above land gets hot Hot Cold 
and rises up. The cold air from the sea begins to move Land 
towards the land as shown in the given figure. It is called | Figure 9.9; Sea breeze blows from 
’ sea breeze. sea to land in day time. 
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Land breeze: At night. the land cools faster than the sea. _— 
lheretore, air above the sea is warmer, rises up and the 
colder air from the land begins to move towards the sea 
as shown in given figure. It is called land breeze. 
Importance of land and sea breeze: 


2 
Ane yeu 


Land and sea breezes help to keep the temperature | Figure 9.10; Land breeze blows from 
moderate in coastal areas. land to sea during sight 


(b) Gliding: A glider looks like a small aeroplane without 

engine as shown in the figure. 

Principle of glider: Glider pilots use upward movement of hot 

air currents due to convection of heat. 

Thermals: The rising currents of hot air are called thermals. 
Gliders ride over these thermals. 

Importance of upward movement of air currents in thermals: "I 
The upward movement cf air currents in thermals help them to stay in air for a long 

period. 

Process of gliding in birds: 
The birds stretch out their wings and circle in thermals. 
The upward movement ef air helps birds to climb up 

with it. 

Examples of thermal climbers: Eagles. hawks and vultures 

are expert thermal climbers. 

Importance of gliding in birds: 
Afier getting a free lift, birds are able to Ny for hours 

without flapping their wings. They glide from one thermal to] edvoat 

another and thus travel through large distances and hardly need to flap their wings. 


Exe Radiation 


Q.9. What is radiation process? Explain by giving examples: 

Ans: Radiation: Radiation is the mode of transfer of heat from one place to another in 
the form of waves called electromagnetic waves. 
Example # 1: 

Solar energy reaches to Earth through radiation: 

Our Sun is the major source of heat energy. It 
reaches us neither by conduction nor by convection, 
because the space between the Sun and the Earth's 

' atmosphere is empty. There is a third mode called 
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Example # 2: 

Another example of transfer of heat by radiation is the heat 
received from a fire place such as shown in the given figure. 
Reason: Fireplace are used for room heating. Air is a poor 
conductor of heat. So heat does not reach us by conduction 
through air from a fireplace, nor does it reach us by convection 
because the air getting heat from the fire place does not move in 
al! directions. Hot air moves upward from the fireplace. 

Heat from the fireplace reaches us directly by the different | fireplace reaches us by 
process in the form of waves called radiations, radiation 
Radiation can be stoped: 

A sheet of paper or cardboard kept in the path of radiations stop these waves to 
reach us, 

The factors on which rate of emitted radiations depend: 

Radiations are emitted by all bodies. The rate at which radiations are emitted 
depends upon various factors such as. 

@ Colour and texture of the surface 

@ Surface temperature. 

@ Surface area 
Radiation process related with objects in a room: 

All the objects, lying inside a room including the walls, roof and floor of the room 
are radiating heat. 

However, they are also absorbing heat at the same time. 

Radiating of heat through objects: 

When temperature of an object is higher than its surroundings then it is radiating 
more heat than it is absorbing. As a result, its temperature goes on decreasing till it 
becomes equal to its surroundings. 

At this stage, the body is giving out the amount of heat equal to the amount of heat 
it is absorbing. 

Absorption of heat in objects: 

When temperature of an object is lower than 
its surroundings, then it is radiating less heat than 
it is absorbing. As a result, its temperature goes on 
increasing tll it becomes equal to its surroundings. 
importance of nature of the surface in radiation: 

_ The rate at which various surfaces emit heat 
depends upon the nature of the surface. 


Hot water 
insid . 
ak s 


Shining | a 
surface j 5 


Radiation Galvanometer 
detector 


Figure 9.15: Radiations from Lestie's cube 


~ 
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Various surfaces can be compared using Leslie's cube. 
Q.10.How emission and absorption of radiation can be explained? 
Ans: To explain the emission and absorption of radiation can be compared and explained 
by using Leslie cube. 


faces of different nature as shown in given figure. 
@ A shining silvered surface @ A dull black surface 


@ A white surface ® A coloured surface rs 

Black dull surface is a good emitter of heat: xa) 
Hot water is filled in the Leslie's cube and is Radiation ‘Galvanometer 

placed with one of its face towards a radiation deiector 


detector. Figure 9.15: Radiations from Leslie's cube 


The surface which absorbs more heat: The rate at which 
various surfaces absorb heat also depends upon the nature 
of those surfaces, 
Explanation: Which surface car. absorb more heat can be 
explained as: 

Take two surfaces, one is dull black and the other is a 
silver polished surface as shown in figure with a candle at 
the middle of the surface. 


good absorber of heat as its temperature rises rapidly. 
A polished surface is a poor absorber: 
A polished surface is poor absorber of heat as its temperature rises very slowly, 
The given table shows which surface is best absorber, emitter or reflector. 


Surfaces Emitter Absorber Reflector 


Relation of surface area with radiation: Transfer of heat by radiation is also affected by 
the surface area of the body emitling or absorbing heat. 

Larger is the area, greater will be the transfer of heat. It is due to this reason that 
large numbers of slots are made in radiators to increase their surface areca. 

Q.11. Write a detailed note on greenhouse effect. . 
Ans: (1) Greenhouse: Greenhouse is a house formed by the glass and transparent 
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polythene sheets. It is used for the better growth of some plants. 
Working of Greenhouse: 

Light from the Sun contains thermal radiations} § oe 
(infrared) of long wavelengths as well as light and 
ultraviolet radiations of short wavelengths. Glass 
and transparent polythene sheets allow radiations o 
short wavelength to pass through casily but not long 
wavelengths of thermal radiations. Thus, a 
greenhouse becomes a heat trap. Radiations from the 
Sun pass easily through glass and warms up the objects ! 


in the greenhouse, These objects and plants give out 
radiation of much longer wavelengths. Glass and 
transparent polythene sheets such as shown in figure do not allow them to escape out 
easily and are reflected back in the greenhouse. This maintains the inside temperature of 
the greenhouse. Greenhouse effect promises better growth of some plants. 
Greenhouse effect in atmosphere: Carbon sive sur 
dioxide and water also behave in a similar way ™ Sa 
to radiations as glass or polythene. 
Greenhouse compounds in Earth's 
atmosphere: Earth's atmosphere contains| 
carbon dioxide and water vapours. It causes}! from the sun A 
greenhouse effect as shown in figure. Thus if 
maintains the temperature of the Earth, 
Increasing temperature of Earth by 


carbondioxide: (Global warming): Figure 9.18: Greenhouse effect in global 
During the recent years, the percentage of warming 


Gre Bhs 
vases in the 


carbon dioxide has been increased considerably. This has caused en increase in the 
average temperature of the Earth by trapping more heat due to greenhouse effect. 
This phenomenon is known as global! warming. 
This has serious implications for global climate. 
EE Application and Consequences of Radiation 


0.12. What are the application and consequences of radiation? 

Ans: Different objects absorb different amounts of heat radiations falling upon them 
reflecting the remaining part. 

Importance of nature and colour of surface: 
Che amount of heat absorbed by a body depends upon the colour and nature of its 
surface. 
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A black and rough surface ebsorbs more heat than a 
white or polished surface. Since pood absorbers are also 
good radiators of heat. 
Black surfaces of objects: A black coloured body gets 
hot quickly absorbing heat reaching it during a sunny 
day and also cools down quickly by giving out its heat to 
its surroundings. So. the bottoms of cooking pots are 
made biack to increase the absorption of heat from fire. 


Heat radiations obey laws of reflection: 

The amount of heat reflected from an object 
depends upon its colour and nature of surface. 
Reflection of white surfaces: 


White surfaces reflect more than coloured or black }feduce the transfer of heat due to 
conducticn, convection and radiation. 


surfaces, Thos, anything kept in it, maintains its 
Reflection of polished surfaces: fomperatere for a long time. 


Polished surfaces are good reflectors than rough surfaces and reflection of heat 
radiations is greater from polished surfaces. 
Clothes of light colours: We wear white or light coloured clothes in summer which 
reflect most of the heat radiation reaching us during the hot day. 
Cooking pots use reflection process: Interior of the cooking pots are polished for 
reflecting back most of the heat radiation within them. 


SUMMARY 


© =Heat flows froma body at higher temperature to a body at lower temperature. 

@ There are three ways of heat transfer. These are conduction, convection and 
radiation. 

e the mode of transfer of heat by vibrating atoms and free electrons in selids from 
hotter to colder part of a body is called conduction of heat. 

@ The amount of heat that ‘lows in unit time is called the rate of flow of heat. 

e@ =the rate at which heat flows through solids depends on the cross-sectional area of 
the solid, length between hot and cold ends, temperature difference between hot and 
cold ends and nature of the material. 

e The rate of flow of heat across the opposite faces of a meire cube maintained at a 
difference of | K is called the thermal conductivity of the material of the cube. 

® Good conductors are used for quick transfer of heat. Thus cookers, cooking plate, 
boiler. radiators and condensers of refrigerators etc. are made of metals. 

@ Water is a poor conductor of heat. 

@ Materials which trap air are also bad conductors such as wool, felt, fur, feathers, 
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polystyrenes and fibre glass. 

Transfer of heat by actual movement of molecules from hot place to a cold place is 
known as convection. 

Land and sea breezes are also the examples of convection. 

Gliders use upward movement of hot air currents duc to convection of heat. Air 
currents help them to stay in air for a long period. 

Birds are able to fly for hours without flapping their wings due to the upward 
movement of air currents. 

rhe term radiation means the continual emission of energy from the surface of a 
body in the form of electro-magnetic waves. 

Radiations are emitted by all bodies. The rate at which radiations are emitted 
depends on various factors such as colour and texture of the surface, temperature 
and surface area. 

A dull black surface is a good absorber of heat as its temperature rises rapidly. 

A polished surface is poor absorber of heat as its temperature rises very slowly. 
Radiations from the Sun pass easily through glass/polythene and warms up the 
materials inside a greenhouse. The radiations given out by them are of much longer 
wavelengths. Glass/polythene does not allow them to escape out and thus maintains 
the inside temperature of the greenhouse, 

Earth's atmosphere contains carbon dioxide and water vapours, It causes greenhouse 
effect and thus retains the temperature of the Earth. 

The bottoms of cooking pots are made black to increase the absorption of heat 
from fire. 

White surfaces reflect more heat than coloured or black surfaces. Similarly, 
polished surfaces are good reflectors than rough surfaces and reflection of heat 
radiations is greater from polished surfaces. Therefore, We wear white or light 
coloured clothes in summer, 

We polish the interior of the cooking pots for reflecting back most of the heat 
radiation inside the hot pots. 

A thermos flask consists cf a double-walled glass vessel. It reduces the transfer of 
heat by conduction, convection and radiation. 


SOLVED QUESTIONS 


Encircle the correct answer from the given choices: 
In solids, heat is transferred by: 


(a) Radiation (b) Conduction (c) Convection (d) Absorption 
What happens to the thermal conductivity of a wall if its thickness is doubled? 
(a) Becomes double (b) Remains the same 
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(c) Becomes half (d) Becomes one fourth 
(iii) Metals are good conductors of heat due to the: 
(a) free electrons (b) big size of their molecules 
(c) small size of their molecules (d) rapid vibrations of their atoms 


(iv) In gases, heat is mainly transferred by: 
(a) Molecular collision (b) Conduction (c) Convection (d) Radiation 
(v) Convection of heat is the process of heat transfer due to the: 


(a) random motion of molecules (b) downward movement of molecules 
(c) upward movement of molecules (d) free movement of molecules 
(vi) False ceiling is done to: 
(a) lower the height of ceiling (b) keep the roof clean 
(c) cool the room (d) insulate the ceiling 
(vii) Rooms are heated using gas heaters by: 
(a) Conduction only (b) Convection and radiation 
(c) Radiation only (d) Convection only 
(viii)Land breeze blows from 
(a) Sea to land during night (b) Sea to land during the day 
(c) Land to sea during night (d) Land to sea during the day 
(ix) Which of the folllowing is a good radiator of heat? 
(a) A shining silvered surface (b) A dull black surface 
(c) A white surface (d) A green coloured surface 
Ans: 1. Conduction 2, Becomes half 3. free electrons 


4. Convection 5. upward movement of molecules 6. insulate the ceiling 
7. Convection and radiation 8. Land to sea during night 9. A white surface 

9.2 Why are metals good conductors of heat? 

Ans: Metals are g00d conductors of heat because metal contains free electrons which can 
move from one place to another, by getting energy. 

At the hot end. they get energy from the hot flame and move towards cold end, 
transferring energy to the other atoms and electron by collision on their way. At the 
same time atoms at the hot end, start vibrating more vigorously and transfer some 
energy by collision to neighbouring atoms, eventually heating the other end. 


9.3 Explain why: 
(a) A metal feels colder to touch than wood kept in a cold place? 
(b) Land breeze blows trom land towards sea? 
(c) Double walled glass vessel is used in thermos flask? 


(d) Deserts soon get hot during the day and soon get cold after sunset? 
-.« Ans: (a) A metal feels colder to touch than wood because it is a good conductor due to 
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free electrons, 
So it cools down more rapidly as compared to wood, Wood is an example of 
insulator 

(b) At night, the land cools faster than the sea. 
Therefore, air above the sea is warmer, rises up and colder air from the land 
begins to move towards the sea. 

(c) Double walled glass vessel is used in thermosflask because double walled glass 
vessel has air between two glass walls that provide insulat on. 

(d) Deserts soon get hot during the day and soon get cold after sunset because sand 
in the deserts has very low value of specific heat. 
ht cools down and warms up fastly. 

9.4 Why conduction of heat does not take place in gases? 

Ans: Conduction is the process of transfer of heat by vibrating atoms and free electrons 
in solids from hotter to colder parts of the body while convection is the process of 
transfer of heat by actual movement of molecules from hot place to cold place. So in 
the gases, molecules do not vibrate at their places, due to weak intermolecular 
forces, the molecules actually move from their places. 

Thats way the conduction of heat does not take place in gases. 

9.5 What measures do you suggest to conserve energy in houses? 

Ans: Energy in houses can be conserved by using energy savers instead of bulbs. 

@ Switch off the electric appliances when these are not used by humans. 

@ Geothermal energy can be used to heat up, water into steam for the utilization of 
cooking food. 

® Solar energy is used by solar panel in houses. 

The solar energy is converted into clectric energy. 


@ The bottoms of cooking pots are made black to increase the absorption of heat from 
fire. 

@ Hot water tanks are insulated by plastic or foam lagging. 

e Wall cavities are Hiled with plastic foam or wool. 

@ False ceiling is done using insulating materials. 

@ Double glazed window panes are used. These window panes have air between glass 


sheets that provides insulation. 

9.6 Why does transter of heat in fluids take place by convection? 

Ans: Convection is a process of transfer of heat by actual movement of molecules from 
hot place to a cold place, As we know the intermolecular forces are less in fluids as 
compared io solid, due to weak intermolecular forces the fluids molecules can move 
from their actual positions and are responsible for the transfer of heat by convection 
process. 
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9.7 What is meant by convection current? 

Ans; The path flow or current which is used for the transfer of heat by actual movement 
of molecules for hot place to a cold place is known as convection current. 

9.8 Suggest a simple activity to show convection of heat in gases not given in the 

book. 

Ans; An example of convection in daily life is when we use a fire place to heat our home, 
as the fire heats up the air in front of it, the hot air rises up as it is less dense and 
than in turn pushes the cool air down so that it is heated and then rises, this motion 
is called convection currents and is the reason why fire place air effective to heat us, 

9.9 How does heat reach us from the Sun? 

Ans; Heat reaches us from the Sun through radiation process. 

9.10 How various surfaces can be compared by a Leslie cube? 

Ans: A Lesile cube is a metal box having faces of different nature. 

e =A Shining silvered surface 

@ A dull black surface 

@ A white surface 

@e «Acoloured surface 

Black dull surface is a good emitter of heat. 

A dull black surface is a good absorber of heat as its temperature rises rapidly. 

A polished surface is poor absorber of heat as its temperature rises very slowly. 

@ Larger is the area, greater will be the transfer of heat. 

9.11 What is greenhouse effect? 

Ans: tn the environment, carbondioxide and water also behave in a similar way to 
radiations as glass or polythene. Glass and transparent polythene sheets allow 
radiations of short wavelengths to pass through casily but not long wavelengths of 
thermal radiations. Thus, a green-house becomes a heat trap. Radiations from the 
Sun pass casily through glass and warms up the objects in a greenhouse. The 
objects and plants in greenhouse give out radiation of much longer wavelengths and 
do no allow them to escape out easily and are reflected back in the greenhouse. 
Similarly Earth's atmosphere contains carbondioxide and water vapours. It causes 
greenhouse effect and thus maintains the temperature of the earth. 

9.12 Explain the impact of greenhouse effect in global warming. 

Ans: During the recent years, the percentage of carbon dioxide has been increased 
considerably, ‘This has caused an increase in the average temperature of the Earth by 
trapping more heat due to greenhouse effect, This phenomenon is known as global 
warming. 

This has serious implications for global climate. 
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_ SOLVED PROBLEMS 


9.1 The concrete roof of a house of thickness 20 cm has an area 200 mi’. 
The temperature inside the house is 15°C and outside is 35°C. Find 
the rate at which thermal energy will be conducted through the roof. 
The value of k for concrete is 0.65 Wm'K'. 


Data: Thickness =L =20cm= a =0.2m 
Area =A =200m? 
Outside temperature = T, = 35°C 
T, =35+273 
qT, =308K 
Inside temperature = T, = 15°C 
TE =154273 
T, =288K 


Value of k of concrete ~k = 0.65 Wm'K”* 


To Find out: Rate at which thermal energy is conducting 2 =7 
Q_kA(T,-7) 
Formula: \ | 
kA(T, -T,) 
Solution: Rate at which thermal energy is conducting = L 
: . (0.65)(200)(308 — 288) 
By putting all given values — oe 
_ (130)(20) 2600 
~ 02 ~~ 0.2 
Rate at which thermal energy is conduction = |3000 Js” 
< = 13000 Js” 


Answer: he rate at which thermal energy is conducting is 13000 Js. 

9.2 How much heat is lost in an hour through a glass window measuring 
2.0 m by 2.5 m when inside temperature is 25°C and that of outside is 
5°C, the thickness of glass is 0.8 cm and the value of k for glass is 0.8 
Wm'K*? 
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Data: Time =t =1 hour=60 = 60 = 3600 sec 
Area = 2.0m 2.5 m = 5m? 
Temperature inside the room = [ = 25°C 
T, = 25°C +273 
T, =298K 


Temperature outside the room = T, = 5°C 


T, =5 +273 
T, =278K 
Thickness of glass =L =0.8cm 
0.8 
= 199 = 9.008 m 
The value of k for glass =o. Wm'K' 
Amount of heat lost = Q =? 
Q_ kA(T, —T,) 
Formula: 4 — L 
Solution: By putting the values in given formula: 
t k A(T, - 7) 
" L 
(3600)(0.8)(5)(278 — 298) 
" 0.008 
(14,400)(—20) 
Q = 0.008 
Q =-36000000 
Q =-36 x 10° 
Q =-3.6* 10 10° 
Q =-3.6~ 10’ 
Q =-3.6* 107) 


Her. — ve sign, shows the lost of heat. 
‘Answer: The required heat lost in an hour through a glass window is 3.6*107J. 
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OBJECTIVE TYPE QUESTIONS (MCQ'S+SHORT ANSWER) FROM 
PREVIOUS ANNUAL PAPERS OF ALL SECONDARY BOARDS 


SSeSsSsSsSSeSSSsSseSSSSsSSsSsSSSSeSsSSSeseeSseeoeocooocseeeoococooosees= 


(LAHORE, GUJRANWALA, FAISALABAD, MULTAN, SAHIWAL, SARGODHA, 


RAWALPINDI, D.G. KHAN And BAHAWALPUR) 


| 9.1+9.2 Transfer of Heat+Conduction 


Tick the correct answer. 


1. If thickness of a wall is doubled, then its thermal conductivity becomes: 
(GRW. GI, SWL. GI, GRW. GI, FRD. Git) 

(A) double (B) remains the same (C) half (D) one fourth 

2. The example of bad conductor is: (GRW. Gi) 
(A) wool (B) copper (C) gold (D) iron 

3. Metals are good conductor of heat due to the: (MLN. GIy 
(A) Free electrons (B) Big size of their molecules 
(C) Small size of their molecules (D) Rapid vibrations of their atoms 

4. False ceiling is done to: (SGD. GIL, MLN, GI) 
(A) Lower the height of ceiling (B) Keep the roof clean 
(C) Cool the room (D) Insulate the ceiling 

5. The thermal conductivity of dry air is _Wa'K"!: (DGK. GID) 
(A) 0.08 (B) 0.03 (C) 0.2 (D) 0.026 

6. The Thermal Conductivity of Silver is _Wm'K*: (UWP. Gi) 
(A) 430 (B) 400 (C) 245 (D) 105 

7. In solids heat ts transferred by: (LIK. Gil. DGK, GIL, RWP. GID 
(A) Radiation (B) Convection 
(C) Conduction (D) Convection and radiation 

8. Example of a bed conductor is: (GRW, Gil) 
(A) wool (B) gold (C) iron (D) graphite 

9. Poor conductor of heat is: (SWL. GD 
(A) copper (B) aluminium (C) water (D) iron 

1. half 2. wool 3. Freeelectrons 4. Insulate the ceiling 
5. 0.026 6. 430 7. Conduction 8. wool 9. water 


% Give short answer to the following questions. 


What is transfer of heat? Write the names of its method. 


(LHR, G1, PRD. GID 


Ans. Transfer of heat: When two bodies at different temperature are in thermal contact 
with each other. Thermal energy from a hot body flows to the cold body in the form 


2. 


of heat. 
This is called as transfer of the heat. 


Ways of heat transfer: [here are three ways by which transfer of heat takes place. 


1, Conduction 2. Convection 
Define thermal! conductivity. 


3. Radiation 


(LU0R, GU. MLN. GD 


Ans. Thermal Conductivity: Thermal conductivity of a substance can be defined as; 
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Ans. 


The rate of flow of heat across the opposite faces of a metre cube of a substance 
maintained at a temperature difference of one kelvin. 

Why metals are good conductors of heat? (GRW. GL& GH, DGK. G1, MLN. Gi) 
Metals are good conductors of heat because metal contains free electrons which can 
move from one place to another, by getting energy. 


Why conduction of heat does not take place in gases? 
(PBD. GH, DGK. Gt& GI. BWP, GI) 


. Conduction is the process cf transfer of heat by vibrating atoms and free electrons 


in solids from hotter to colder parts of the body while convection is the process of 
transfer of heat by actual movement of molecules from hot place to cold place. So in 
the gases, molecules do not vibrate at their places, due to weak intermolecular 
forces, the molecules actually move from their places. 

Thats way the conduction of heat does not take place in gases, 

Define the rate of Flow of Heat. (MLN. GI) 


. Rate of flow of heat: The amount of heat flows in unit time is called the mate of 


flow of heat. 


Rate of tlow of heat = a 

Define Radiation. (MLA. GI) 
Radiation: Radiation is the mode of transfer of heat from one place to another in 
the form of waves called electromagnetic waves. 

On what factors the rate of heat flow in solids depends? (MLN. Gil) 
lhe rate of heat flow in solids depends upon the following factors. 

1. Cross-sectional area of the solid. 2. Length of the solid. 

3. Temperature difference between ends. 


What is meant by conduction? (SGD, G1, RWP. GH, SWL. GH, DGK. Gil) 


. Conduction: The mode of transfer of heat by vibrating atoms and free electrons in 


solids from hot to cald parts of a body is called conduction of heat. 

Write the uses of Conductors and Non-Conductors. — (DGK. Gi, RWP. G1. SGD. G)) 

Uses of conductors: 

@ Good conductors are used when quick transfer of heat is required through a body. 

@ Cookers, cooking plate, boiler, radiators and condensers of refrigerators, etc. are 
made of metals such as aluminium and copper for the better conduction. 

@ Metal boxes are used for making ice, ice cream, ete. 

@ Sauce pans are made of metal for quick heat transfer. 

Uses of non-conductors: 

@ Insulators or bad conductors are used in home utensils such as handles of 
sauce-pans, hot plates, spoons etc. They are made up of wood or plastic. 

@ Airis one of the bad conductors or best insulator. 

That is why cavity walls i.e two walls separated by an air space and double glazed 


windows keep the houses warm in winter and cool in summer. 


10. 
~ Ans, 


Describe the effect of length on thermal conductivity. (LIK, GI& Gil 
Effect of length on thermal conductivity: 
Larger is the length between the hot and cold ends of the solid, more time it will take 
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to conduct heat to the colcer end and smaller will be the rate of flow of heat, Thsu 


1 
Rate of flow of heat *j 


ll. Write two uses of non-conductors. (MLN. GI, SGD. GI) 
Ans, Uses of non-conductors: 
e Insulators or bad conductors are used in home utensils such as handles of 
sauce-pans, hot plates, spoons etc. They are made up of wood or plastic. 
e@ Airis one of the bad conductors or best insulator. 
That is why cavity walls i.c two walls separated by an air space and double 
glazed windows keep the houses warm in winter and cool .n summer. 


9.3+9.4 Convection +Radiation 


Application and Consequences of Radiation 
%* Tick the correct answer. 


1. In gases, heat is mainly transferred by: (LHR. Gl, RWP. GI, SGD. GI} 
(A) Molecular collision (B) Conduction (C) Convection (D) Radiation 

2. Rooms are heated using gas heaters by: (LAIR. GM, FBD. GI, SGD. GI} 
(A) Only conduction (B) Radiation 
(C) Convection (D) Radiation and convection 

3. The glider ramains in air due to: (FBD. Git} 
(A) Power (B) Conduction (C) Radiation (D) Convection 

4. Land and sea breezes are result of: (SWL. GI & GH, BWP. Gil) 
(A) conduction (B) convection (C) radiation (D) absorption 

5. Which of the following birds are expert Thermal Climbers? (BWP. GI) 
(A) Eagles (B) Hawks (C) Vultures (D) All these 

6. is good radiator of heat. (MLN. GI) 
(A) A shining silvered surface (B) A dull black surface 
(C) A white surface (D) A green co.oured surface 

7. The surfaces of Leslie's Cube are: (MLN, GI) 
(A) ! (B) 2 (C) 3 (D) 4 

8. Worst absorber of heat is: (DGK. Gl) 
(A) Dull black surface (B) Coloured surface 
(C) White surface (D) Shining silvered surface 

9. Which surface is bad emitter: (BWP. GI) 
(A) White Surface (B) Black Surface 
{C) Coloured Surtace (D) Silver Surface 


1. Convection 2. Radiation and convection 3. Convection 


4. convection 5. Aljllthese 6. A shining silvered surface 
7. 4 8. Shining silvered surface 9. Silver Surface 

% Give short answer to the following questions. 

1. Differentiate between land breeze and sea breeze. (LMR. Gil, DGK. GI) 


Ans. Sea breeze: On a hot day, the temperature of the land increases more quickly than 
the sea. It is because the specific heat of land is much smaller as compared to water. 
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SSSSSSsSsSSSSSSS SSS SSS SSSSSSSSESSSSSSESSSSSSSSSSSSSesesaeSeeesesqeoece6e5a 
The air above land gets hot and rise up. The cold air from the sea begins to move 
towards the land. 

Land breeze: At night, the land cools faster than the sea. Therefore, air above the 
sea is warmer, rises up and the colder air from the land begins to move towards the 
sea as shown in given figure. It is called land breeze. 
2. What is meant by convection current? (Grw. Gi & Gi, RWP. Gi, SWL. Gl, BWP. Gil, MLN. Gi) 
Ans, Convection Current: The path flow or current which is used for the transfer of 
heat by actual movement of molecules for hot place to a cold place is known as 
convection current. 
3. Describe use of convection currents. (SWL. GI & GI, FBD. Gl, BWP, GI) 
Ans. Uses of convection currents: 
Convection currents occur on a large scale in nature. Some uses of convection 
currents are as: 
e Convection currents set up by electric, gas or coal heaters help to warm our 
homes and offices. 
e Central heating systems in duildings work on the same principe by convection, 
@ The day-to-day temperature changes in the atmosphere result from the 
circulation of warm or cold air that travels across the region. 
e@ Land and sea breezes are also the examples of convection current. 


4. What causes a glider to remain in air? (SGD. G1, RWP. GI, SWL. Gil, DGK. Gil) 

Ans. The upward movement of air currents in thermals help gliders to stay in air for a 
long period. 

5. Why land breez blows from land towards sea? (DGK. G1) 


Ans. Land breez blows from land towards sea, because at night, the land cools faster than 
the sea. Therefore, air above the sea is warmer, rises up and the colder air from the 
land begins to move towards the sea. 

6 Why does transfer of Heat in Muids take place by Convection? (BWP. G1, GRW. Gl) 

Ans. Convection is a process of transfer of heat by actual movement of molecules from 
hot place to a cold place. As we know the intermolecular forces are less in fluids as 
compared to solid, due to weak intermolecular forces the fluids molecules can move 
from their actual positions and are responsible for the transfer of heat by convection 
process. 

7. Differentiate between conduction and convection. (FBD. G1) 

Ans. Conduction; The mode of transfer of heat by vibrating atoms anc free electrons in 
solids from hot to cold parts of a body is called conduction of heat. 

Convection; ‘Transfer of heat by actual movement of molecules from hot place to a 
cold place is known as convection. 

8. What is meant by land breeze? (FBD. GI) 

Ans, Land breeze: At night. the land cools faster than the sea. Therefore, air above the, 
sea is warmer, rises up and the colder air from the land begins to move towards the se 
sea. It is called land breeze. 

9. What is meant by convection? (SGD. GI) 

Ans. Convection: Transfer of heat by actual movement of molecules from hot place to a 
cold place is known as convection. 
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10, 
Ans. 


Il. 
Ans. 


12, 
Ans. 


13. 
Ans, 


14, 
Ans. 


15. 
Ans, 


16. 
Ans, 
17. 
Ans. 


18. 
Ans. 


¥ 19, 
Ans. 


Why is not advisable to wear dark colours in summer? (LHR. GH) 
It is not advised to wear dark colours in summer, because dark colours absorb more 
radiations and heat. 

What is the scientific reason to wear white and light coloured clothes in 
summer? (FBD. GI) 


We wear white or light coloured clothes in summer which reflect most of the heat 
radiation reaching us during the hot day. 

Write down the names of four surfaces of Laselie Cube. (SGD. Gil, RWP. Gil) 
1. A shining silvered surface 2. A dull black surface 

3. A white surface 4. A coloured surface 

On what factors Radiation depends? (LUR. Gi) 
The factors on which radiations depends. 


¥% Colour and texture of the surface *% Surface temperature Surface area. 

Write two consequences of radiation. (GRW, Gu) 

1. We wear white or light coloured clothes in summer which reflect most of the 
heat radiation reaching us during the hot day. 

2. Interior of the cooking pots are polished for reflecting back most of the heat 
radiation within them, 

Describe relation of radiation of heat and surface area. (FBD. Gil) 

Relation of surface area with radiation: 

Transfer of heat by radiation is also affected by the surface area of the body 

emitting or absorbing heat. 

Larger is the area, greater will be the transfer of heat. It is due to this reason that 

large numbers of slots are made in radiators to increase their surface area. 


How does heat reach us from the sun? (DGK. Gl) 
Heat reaches us from the sun through radiation process. 
What is thermos flask? (GRW. GI) 


Thermos flask: In a thermos flask, most of the heat is prevented to enter or leave 
the flask. This is done by suitable measures to reduce the transfer of heat due to 
conduction. convection and radiation. Thus, anything kept in it, maintains its 
temperature for a long time. 

Explain the impacts of Greenhouse Effect in Global warming.(mMLn. Gi. BwP. Gi) 
During the recent years, the percentage of carbon dioxide has been increased 
considerably. This has caused an increase in the average temperature of the Earth by 
trapping more heat due to greenhouse effect. This phenomenon is known as global 
warming. 

This has serious implications tor global climate. 

What is greenhouse effect? (SWL. GI & GH, LHR, Gl, FBD, Gly 
Greenhouse effect: In the environment, carbondioxide and water also behave in a 
similar way to radiations as glass or polythene. They allow radiations of short 
wavelengths to pass through easily but not long wavelengths of thermal radiations. 
Thus, a green-house becomes a heat trap. It causes greenhouse effect and thus 
maintains the temperature of the earth, 


MEME ME 
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